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Method to determine in vivo nucleic acid levels 

Technical field 

5 The present invention relates to a new nucleic acid analysis method in particular to 
determine the correct in vivo levels of nucleic acid transcripts in biological samples. 

Background art 

10 Deoxyribonucleic acid (DNA), and ribonucleic acid (RNA) are employed in a wide variety of 
research, medical, diagnostic and industrial processes. The variety of uses for extracted 
and purified DNA and RNA from disparate sources is rapidly increasing with the advent of 
biotechnology e.g. for the production of recombinant proteins. 

Alternatively, nucleic acid sequences can be employed for diagnostic purposes. For 
15 example they can be used to detect the presence of a specific biological agent such as 
pathogens, viruses or to determine abnormal metabolic changes. With a biological agent is 
meant all types of agents carrying nucleic acids. Nucleic acid analysis may allow to identify 
genetic and familial disorders, genetic aberrations and allow to prove identity. Also cellular 
states (induction of genes, differentiation, etc.) can be identified by visualizing nucleic acid 
20 sequences. 

In some cases only a qualitative analysis is necessary determining the absence or 
presence of a specific nucleic acid sequence and/or biological agent. In other cases, real 
transcript levels need to be determined. Indeed"" certain diseases are characterized by the 
25 lowered or the increased level of gene expression; certain cell types can only be identified 
by evaluating the transcript content. 

Until now, many tools are available enabling the person, skilled in the art, to perform an 
isolation of nucleic acids from different biological samples. The collection of a biological 
30 sample is the first step in many molecular assays used to study their nucleic acid content. 

A major challenge in this type of testing, however, is the instability of RNA in vitro 
especially when the detection of low-level RNA or unstable RNA is aimed at. Even the 
degradation of only a small fraction of the RNA may change the interpretation of the in vivo 
35 levels. Some transcripts are known to be present at low copy in a cell; other transcripts 
have an "All-rich" sequence in their 3' end promoting their fast degradation by 
endogenous RNAses. Studies have shown that RNA rapidly degrades significantly within 



nours arter sample collection. Furthermore, certain species of RNA, through the process of 
gene induction, increase once the sample is collected. Both RNA degradation and in vitro 
gene induction can lead to an under- or over-estimation of the in vivo gene transcript 
number. 

5 

Until now, many methods exist to isolate RNA from biological samples. Some allow even 
the determination of low-level transcripts out of a pool of transcripts. Nevertheless, none of 
them provide the possibility to determine real in vivo levels. With 'real in vivo levels* is 
meant the level(s) of transcripts) present in the biological agent at the time of the 
10 sampling. Storage of biological samples leads to incorrect mRNA levels, indeed, in 
practice, the analysis of fresh sample is not feasible as the place of sampling and the place 
of RNA analysis is located differently. 

Recently, PreAnalytiX (a joint venture between Becton Dickinson and Qiagen) has put its 
15 first product PAXgene™ Blood RNA System on the market. The PAXgene™ Blood RNA 
System (also referred to as the Qiagen method) is an integrated and standardized system 
for the collection and stabilization of whole blood specimens and isolation of cellular RNA. 
According to PreAnalytiX, in the PAXgene™ Blood RNA System, blood is collected directly 
into PAXgene™ Blood RNA Tubes and RNA is subsequently isolated using the 
20 PAXgene™ Blood RNA Kit. Using this system intact cellular RNA can be retrieved from 
whole blood. — 

The PAXgene™ Blood RNA Tube is a plastic, evacuated tube, for the collection of whole 
blood and stabilization of the cellular RNA profile. The tubes contain an additive (a 

25 proprietary blend of reagents) that stabilizes cellular RNA and may eliminate ex vivo 
induction of gene transcription and prevents the drastic changes in the cellular RNA 
expression profiles that normally take place in vitro. RNA is then isolated using silica-gel- 
membrane technology supplied in the PAXgene™ Blood RNA Kit. According to 
PreAnalytiX, the resulting RNA accurately represents the expression profile in vivo and is 

30 suitable for use in a range of downstream applications. According to the supplier, accurate 
quantification of gene transcripts is possible using this system. A major disadvantage of 
this PAXgene™ Blood RNA System is that respective PAXgene™ Blood RNA Tube needs 
to be combined with the PAXgene™ Blood RNA Kit (see instruction manual of the 
PAXgene™ Blood RNA Tubes). This obliged combination, however, limits further 

35 improvement of the system. 



Objects of the invention 

Although the PreanalytiX (or PAXgene™ Blood RNA) System points towards the fact that 
the PAXgene™ Blood RNA Tubes can only be combined with the PAXgene™ Blood RNA 
5 Kit, the inventors of the present invention aim to improve the suggested system. In . 
addition, the inventors aim to develop a new method allowing the characterization of real in 
vivo transcript levels. In this way, also correct in vivo levels of low-level or unstable 
transcripts can be determined. 

10 These aims have been met by following embodiments. 

The present invention relates to a method for the quantification of in vivo RNA from a 
biological sample comprising the steps of: 

(a) collecting said biological sample in a tube comprising a compound inhibiting RNA 
is degradation and/or gene induction, 

(b) forming a precipitate comprising nucleic acids, 

(c) separating said precipitate of step (b) from the supernatant, 

(d) dissolving said precipitate of step (c) using a buffer, forming a suspension, 

(e) isolating nucleic acids from said suspension of step (d) using an automated device, 
20 (f) dispersing/distributing a reagent mix for RT-PCR using an automated device, 

— (g) drspersing/distributing-the-nucleic-iacids- isolated in step-(e)-within-the-dispersed- 

reagent mix of step (f) using an automated device, and, 
(h) determining the in vivo levels of transcripts using the nucleic acid/RT-PCR reagent 
mix of step (g) in an automated setup. 

25 

Inhibition of RNA degradation and/or gene induction at the moment of the biological 
sampling is crucial in order to retrieve a pool of RNAs which can be used to determine the 
in vivo transcript levels. It is true that cellular RNA can be purified using the PAXgene™ 
Blood RNA System; nevertheless, the present inventors proved that real in vivo levels can 
30 not be measured using this system 'as such' (see example 3). 

The present inventors give proof in the present invention that the in vivo levels of nucleic 
acid transcripts can only be measured/determined/quantified when starting from a pool of 
RNA prepared from a stabilized biological sample, using a compound inhibiting extra- 
35 and/or intracellular RNA degradation and/or gene induction; whereby the isolation of the 




rwe tete acids -i s performed using an automated device, whereby the reagent mix and the 

isolated nucleic acids, used for the RT-PCR reaction, are dispersed using an automated 
device, and whereby the determination of the transcript levels is performed in an 
automated setup. According to the present invention, only this approach allows to quantify 
5 in v/Vo'RNA in a reproducible manner. The number of steps performed in said method is 
reduced to a minimum in order to avoid errors. An 'error' may be a pipetting-, a handling-, 
a procedural- and/or a calculation error or any error which can be made by a person skilled 
in the art. In this respect, the present inventors suggest in the present invention to perform 
the RT and the PCR reaction in one step. The method of the present invention will even be 
10 more accurate when combining more intermediate steps. For example, in the method of 
the present invention steps (a) and (b) can be combined. 

According to the present invention, the dispersion of the nucleic acids (step (g)) may be 
performed after, before or simultaneously with the dispersion of the reagent mix needed for 
15 RT-PCR (step (f)). 

According to the method of present invention, no OD measurements need to be 

performed, eliminating the errors made in the calculation of the nucleic acid concentration. 

Contrarily, using the PAXgene™ Blood RNA kit OD measurements need to be made. This 
20 illustrates again that the method according to present invention is a more reliable and 
- —accurate method compared to the latter system. -This better accuracy of the present 

invention is illustrated by the reproducibility studies presented in table 4. 

According to the present invention, when dissolving the formed precipitate in step (d) of the 
25 method according to the present invention, the obtained suspension can be used in 
combination with an RNA extraction method and an analyzing method which are fully 
automated. It is only this combination which allows to optimize accuracy and reproducibility 
of the performed method and which allows to determine real in vivo RNA levels. As the 
brochure of the PAXgene™ Blood RNA System describes that the corresponding tubes 
30 can not be used in combination with other isolation methods, and no detailed information is 
available describing the different compositions of the kit, it is not obvious for a person 
skilled in the art to use parts of this PAXgene™ Blood RNA System and develop a new 
method therefrom. 




There exist only few commercial systems which allow to isolate RNA fully automatically. 
Examples of such automated nucleic acid extractors are: the MagNA Pure LC Instrument 
(Roche Diagnostics), The AutoGenprep 960 (Autogen), the ABI PrismTM 6700 Automated 
Nucleic Acid Workstation (Applied Biosystems), WAVE® Nucleic Acid Analysis System 
5 with the optional WAVE® Fragment Collector FCW 200 (Transgenomic) and the BioRobot 
8000 (Qiagen). 

The present invention points towards the fact that for all these systems it is essential to 
start with material which is as fresh as possible or which is stabilized in order to allow the 

10 determination of real in vivo transcript levels. The problem for all these systems is that the 
biological sample is collected and brought to the laboratory in tubes that contain no or only 
a conventional additive, so that mRNA can still be rapidly degraded. Consequently, mRNA 
quantification using these methods will undoubtedly lead to the quantification of the 
transcripts present in the tube, but this quantification does not represent the transcript 

15 levels present in the cells/biological agent at the moment of sampling. Experimental 
evidence of this is provided in figure 2.2 of example 2 of the present invention. 

With the term 'quantification' is meant accurate and reproducible determination of RNA 
copy numbers; but it is trivial for a person skilled in the art that also qualitative or semi- 

20 quantitative studies can be performed using RNA isolated via a method as described by 

the-presentrinvention. ' 

The definition 'transcript is not limited to messenger RNA (mRNA) but also relates to other 
types of RNA molecules known to exist by a person skilled in the art. According to the 
25 method of the present invention mRNA as well as total RNA can be extracted. This allows 
to get a correct estimation of the in vivo nuclear RNA, providing a powerful tool to evaluate 
gene transcription. 

With 'biological sample' is meant a sample containing nucleic acids/biological agents such 
30 as clinical (e.g. cell fractions, whole blood, plasma, serum, urine, tissue, cells, etc.), 
agricultural, environmental (eg. soil, mud, minerals, water, air), food (any food material), 
forensic or other possible samples. With "whole blood* is meant blood such as it is 
collected by venous sampling, i.e. containing white and red cells, platelets, plasma and 
eventually infectious agents; the infectious agents may be viral, bacterial or parasitical. 
35 The clinical samples may be from human or animal origin. The sample analyzed can be 



both solid or liquid in nature. It is evident when solid materials are used, these are first 
dissolved in a suitable solution, which could be the RNAIater reagent sold by Qiagen. 
According to the invention, this solution is not always a real "buffer" with at least two well 
balanced components. It may be a strong hypotonic solution such as NaCI alone or an 
5 extraction solution such as with alcohol. 

The term 'nucleic acid' refers to a single stranded or double stranded nucleic acid 
sequence, said nucleic acid may consist of deoxyribonucleotides (DNA) or ribonucleotides 
(RNA), RNA/DNA hybrids or may be amplified cDNA or amplified genomic DNA, or a 
10 combination thereof. A nucleic acid sequence according to the invention may alsr> 
comprise any modified nucleotide known in the art. 

According to the present invention, the nucleic acid may be present extra- or intracellularly 
in the biological sample. 
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The 'separation' of the precipitate from the supernatant in step (c) of present method can 
be performed via centrifugation, filtration, absorption or other means known by a person 
skilled in the art. Said precipitate may include cells, cell/debris, nucleic acids or a 
combination thereof. The basis of the concept is to stop the nucleic-acid-containing-agent 
(or biological agent) from having contact with external sources/pulses/signals. This can be 
-performed by-fixing, lysing and/or disintegrating the nucleic=acid=coTitaining-agent, or by 
any other means known by a person skilled in the art. 

The buffer used in step (d) of the method of present invention may be a buffer to dissolve 
the precipitate obtained in step (c) of said method. This buffer may have additional effects 
such as lysis or further lysis of the nucleic-acid-containing-agent. 

The 'automated device' used may be an automated pipetting device or another automated 
device known by a person skilled in the art suitable for carrying out the indicated actions. 

With a 'reagent mix for RT-PCR' is meant all reagents needed for a simultaneous RT and 
PCR reaction (with the exception of the oligonucleotides when explicitly mentioned)! 
According to the present invention, 'oligonucleotides' may comprise short stretches of 
nucleic acids as found in for example primers or probes. According to the present 
invention, the in vivo levels of the nucleic acids can be determined using real-time PCR or 



m • 

by any method allowing the determination of real in vivo RNA levels. According to the 
present Invention, this method can be used in combination with micro-arrays or Rnase 
protection assays. 

5 As pointed out before, storage of biological samples such as blood leads to incorrect 
mRNA levels/indeed, in practice, the analysis of fresh sample is not feasible as the place 
of sampling and the place of RNA analysis is located differently. The method according to 
the present invention allows to transport biological samples without any effect on their in 
vivo transcript content. Transport of the biological sample can be performed after step (a) 
10 or step (b) in the method of the present invention. 

Usually, when using blood samples, red blood cells are preferentially eliminated before the 
nucleic acids are Isolated. Red blood cells are rich in hemoglobin and their presence 
results in the production of highly viscous lysates. Therefore, removal of these allows to 
15 isolate nucleic acids in a more improved fashion. However, in the method of the present 
invention, this step is eliminated as an insoluble precipitate is immediately formed 
comprising the nucleic acids, separating these from all other components of the biological 
sample. This illustrates that, in addition to other advantages, the method of the present 
invention is a superior method in comparison with most prior art methods. 

20 

The-presenHnvention-suggests-to-apply the PAXgene 1 — Blood-RNA-Tubes-in-the-present 

method. These contain an additive that stabilizes cellular RNA and may eliminate ex vivo 
induction of the gene transcription. No detailed information is provided describing the 
content of this additive. The brochure refers to patent US 5,906,744 for this purpose. 

25 Nevertheless, the tube described in this patent allows a person skilled in the art to prepare 
nucleic acids from plasma. According to the present inventors, the content as described in 
US 5,906,744 does not relate to the real content of the PAXgene™ Blood RNA Tube. 

According to the present inventors the content of these tubes may contain a quaternary 
30 amine surfactant. Therefore, according to the present invention, a quaternary amine 
surfactant may be used in step (a) of the method of the present invention. The use of a 
quaternary amine surfactant in order to stabilize nucleic acids in a biological sample has 
been previously described in US5,010,183. This patent provides a method for purifying 
DNA or RNA from a mixture of biological materials. Said method comprises the step of 
35 adding a cationic detergent to a mixture containing the RNA or DNA in an amount 




sufficient to dissolve ceils, soiuoiiize any contaminating proteins and lipids in the mixture, 
and form insoluble hydrophobic complex between the nucleic acid and the detergent. The 
complex which comprises the RNA or DNA with the detergent thus becomes separated 
from the solubilized contaminants. In a more recent patent, the same inventors stated that 
5 the use of the surfactant, as described in US 5,010,183, and other commercially available 
surfactants results in inefficient precipitation of RNA and incomplete lysis of blood cells. As 
there was a need for improved cationic surfactants for this purpose, the inventors of US 
5,010,183 searched for a novel method for isolating RNA from a biological sample, 
including blood, involving the use of an aqueous, cationic surfactant solution comprising a 

10 selected quaternary amine (US 5,985,572). The synthesis of the different possible 
surfactants, that can be used in any methods of the present invention, can be performed 
according to the instructions as published in above cited or related patents. One example 
of a quaternary amine which can be used in the method of the present invention is 
tetradecyltrimethyl-ammonium oxalate. (US 5,985,572). Alternatively, said cationic 

15 detergent may be Catrimox-14™ (US5,010,183) as shown in the example 2 of the present 
invention. 

According to the present invention, said compound of step (a) in any method of the present 
invention may be a compound inhibiting RNA degradation and/or gene induction as found 
20 in a PAXgene™ Blood RNA Tube. 



The tube which can be used to collect the biological sample depends on the sample taken. 
For example, blood can be collected in any tube. Therefore, in step (a) of the method 
according to the present invention, said tube may be an open or a closed blood collecting 
25 tube. Nevertheless, preferably a closed tube is used in order to prevent blood splatter, 
blood leakage and potential exposure to blood borne pathogens. A Hemogard™ closure 
may be used for this purpose (Becton Dickinson). Furthermore, blood is drained inside the 
PAXgene™ Blood RNA Tube by vacuum, so that the taken volume is always the same, 
allowing a "standardized sample volume". 

30 

According to the present invention, said buffer used in step (d) of the method of the 
present invention may be a guanidine-thiocyanate-containing buffer. 
In the examples of the present invention the precipitate formed in the PAXgene™ Blood 
RNA Tubes is dissolved in the lysis buffer as provided by the MagNA Pure LC mRNA 
35 Isolation Kit i (Roche Diagnostics, Molecular Biochemicals). Therefore, it is suggested in 




the present invention that one of the possible buffers which may be used in the method of 
the present invention is a guanidine-thiocyanate-containing lysis buffer as provided by 
MagNA Pure LC mRNA Isolation Kit I (Roche Diagnostics, Molecular Biochemicals). 

5 The MagNA Pure LC mRNA Isolation Kit I (Roche Diagnostics, Molecular Biochemicals) is 
especially designed for use on the MagNA Pure LC Instrument, to guarantee the isolation 
of high quality and undegraded RNA from whole blood, white blood cells, and peripheral 
blood lymphocytes. According to its product description, obtained RNA is suitable for 
highly sensitive and quantitative LightCycler RT-PCR reactions, as well as for standard 

10 block cycler RT-PCR reactions, Northern blotting and other standard RNA applications. 
Nevertheless, the present inventors proved that the use of this method 'as such' could not 
result in the determination of correct transcript levels. The present inventors showed that 
there is a need to stabilize the RNA prior to the RNA isolation (see example 2). The 
present invention describes the unique combination of the use of RNA stabilizing 

15 compounds and an automated isolation/analysis procedure. 

According to the present invention, once the precipitate of step (d) is dissolved in the lysis 
buffer as provided by MagNA Pure LC mRNA Isolation Kit I, the method of the present 
invention may follow the procedure as described for the MagNA Pure LC mRNA Isolation 

20 Kit I. After the samples are lysed through the presence of a chaotropic salt in the lysis 

buffer, streptavidin-coated-magnette~parttotes~are-added together with biotin^labelednoligo^ 

dT, and the mRNA binds to the surface of the particles. This is followed by a DNase • 
digestion step. mRNA is then separated from unbound substances using a magnet and 
several washing steps. Finally, the purified mRNAs are eluted. This isolation kit allows the 

25 automated isolation of pure mRNA as a "walk away" system. It allows to isolate mRNA of 
high quality and integrity suitable for all major downstream applications regarding gene 
expression analysis. Different protocols are offered depending on the sample material 
used. The samples may be set directly on the MagNA pure LC Instrument stage. 
Nevertheless, when using whole blood, cells present in the samples are preferentially 

30 lysed manually. mRNA isolation may then be postponed or directly further processed on 
the instrument. 

The present inventors prove in the present examples that the use of the MagNA Pure LC 
Instrument (Roche Diagnostics, Molecular Biochemicals) as automated device in step (e), 
35 step (f) and/or step (g) of the method according to the present invention leads to the 



10_ 

production of a pool of RNA which can be used to determine exact/real in vivo levels of 
transcripts. RNA-capturing beads such as magnetic beads, coated with oligo-dT via a 
streptavidin-biotin system or an equivalent system, may be applied in the method of the 
present invention in order to separate mRNA from the cellular debris. 

5 

Alternatively, according to the present invention other automated devices may be used 
such as the AB1 PrismTM 6700 Automated Nucleic Acid Workstation (Applied Biosystems) 
or any other automated device that can be used for this purpose. 

10 In the brochure of the MagNA pure LC mRNA Isolation Kit I (Cat No a 004 ni.g) no 
compositions of the buffers used in this kit are mentioned in detail. There is only a 
reference to the presence of guanidinium thiocyanate for safety purposes (page 7). There 
is no mentioning of additional compounds in this buffer. Therefore it is not obvious for a 
person skilled in the art to assume that the buffer as provided by this kit would allow to 

15 dissolve the pellet obtained by the method of the PAXgene™ Blood RNA Tubes. In 
addition, a person skilled in the art would not combine both methods based on the 
information provided by the PAXgene™ Blood RNA Tubes brochure stating that these 
tubes can only be combined with the corresponding PAXgene™ Blood RNA Kit (page 3, 
see limitations of the system; page 6, see ordering information). Furthermore, there is also 

20 no urge for further optimization as it is claimed by respective companies that high quality of 
RNA can be obtained using the MagNA pure~CCl^lWTsdTaV6h Kit I or the PAXgene™ 
Blood RNA System. 

As pointed out above, when using blood samples, red blood cells are preferentially lysed 
25 after step (a) in the method of the present invention. In the design of the MagNA Pure LC 
mRNA Isolation Kit I (Roche Diagnostics, Molecular Biochemicals) there is a possibility to 
lyse and eliminate red blood cells, before mRNA isolation from white blood cells. 
Nevertheless, because of this step, samples can not be treated fast enough to avoid 
mRNA degradation. The inventors decided to use PAXgene™ Blood RNA Tube in 
30 conjunction with the MagNA Pure mRNA Isolation Kit on the MagNA Pure Instrument. 
Using the PAXgene™ Blood RNA Tubes provides a precipitate of nucleic acids that is not 
supposed to be soluble in the lysis buffer of the MagNA Pure mRNA Isolation Kit. Despite 
of this, the inventors found that it is actually possible. Following this observation, the 
inventors combined the use of the PAXgene™ Blood RNA Tubes with the use of an 
35 automated RNA isolation system. The inventors found surprisingly that this combination is 




possible and that this combination provides a powerful technique for the accurate mRNA 
quantification from biological samples. 

The RNA isolated using the method according to the present invention is ready for use in a 
5 wide range of downstream applications, including for instance nucleic acid amplification 
technologies, such as RT-PCR and NASBA®, Expression-array and expression-chip 
analysis, Quantitative RT-PCR, including TaqMan® technology, cDNA synthesis, RNase 
and S1 nuclease protection, Northern, dot, and slot blot analysis and primer extension. 
The present inventors showed in the example 2 and example 3 of the present invention 
10 that the use of a compound inhibiting RNA degradation and/or gene induction in 
conjunction with an automated RNA isolation and an automated analysis method such as 
real time PGR allows the determination of in vivo levels of transcripts. Nevertheless, 
according to present invention analysis methods other than real-time PCR may be applied 
as long as they are provided in an automated setup. 

15 

A main advantage of the method according to the present invention, is the fact that by 
using this method small sample volumes can be analyzed. This is of prime importance 
when only small volumes are available, for example when analyzing neonatal blood 
samples or in cases of high blood loss. According to the present concept RNA 
20 quantification may be performed using a biological sample as small as 100 The 

analysis~of~RNA ^ 100*pTTs not possioie witfTWe Qiagen kit 

(PAXgen™ Blood RNA System) which requires a larger volume of blood (2.5 ml following 
the kit handbook). 



25 The present invention also relates to a method for the quantification of in vivo RNA from a 
biological sample comprising the steps of: 

(a) collecting a biological sample in the PAXgene™ Blood RNA Tube, 

(b) dissociating the surfactant/nucleic acid complex with a guanidine isothiocyanate buffer 
(this is not supposed to work based on the instruction manual of the PAXgene™ Blood 

30 RNA Tubes), 

(c) extracting mRNA and/or total RNA using an reproducible automated device, 

(d) dispersing/distributing a reagent mix for RT-PCR using an automated device, 

(e) dispersing/distributing the nucleic acids isolated in step (c) within the dispersed reagent 
mix of step (d) using an automated device, and, 




12 



(f) quantifying RNA by real time PCR, whereby the RT and the PCR are preferably 

performed in one step, in order to avoid errors. 
In this concept of the present invention, the automated device is any device that allows 
mRNA/RNA/DNA extraction from a guanidine isothiocyanate buffer, in a reproducible 
5 manner. The same or another may be used to accurately dispense the reagents and the 
samples in the reaction tube for the RT-PCR. An 'error' may be a pipetting-, a handling-, a 
procedural- and/or a calculation error or any error which can be made by a person skilled 
in the art. 



10 The present invention also refers to a kit for isolating quantifiable in vivn RNA from a 
biological sample comprising: 

(a) optionally, a collection tube for biological samples, 

(b) a compound inhibiting RNA degradation and/or gene induction, 

(c) reagents for automated RNA isolation, 

15 (d) a reagent mix for a simultaneous RT and real-time PCR reaction or separate 
compounds thereof , allowing the automated dispersion of said mix, 

(e) optionally, specific oligonucleotides to perform said RT-PCT reactions, and, 

(f) optionally, an instruction manual describing a method for an automated RNA 
isolation, a method for the automated dispersion of a reagent mix and the 

20 dispersion of the isolated nucleic acids for RT- real time PCR, and a method for 
aut6iTiafeoTRNA"WTalysS. """ "'" ~ 

In the present examples the inventors are applying the "Lightcycler mRNA hybridisation 
probes kit" from Roche Diagnostics, Molecular Biochemicals (cat # 3 018 954) to perform 
25 the RT-PCR reactions in one step. All reagents needed are included in this kit, except the 
oligonucleotides (synthesized by Biosource). Nevertheless, real time PCR as described in 
the present invention can also be performed on Applied Biosystems instruments. 

According to the present invention, compound (b) of said kit may be a quaternary amine 
30 surfactant such as tetradecyltrimethyl-ammonium oxalate or may be a compound 
inhibiting RNA degradation and/or gene induction as found in a PAXgene™ Blood RNA 
Tube, The kit may additionally comprise a buffer such as a guanidine-thiocyanate- 
containing buffer which can be used in step (d) of the method according to the present 
invention. 



35 




The present invention relates also to a kit for isolating quantifiable in vivo RNA from a 
biological sample comprising: 

(a) a PAXgene™ Blood RNA Tube, 

(b) a guanidine isothiocyanate buffer, 

5 (c) reagents for automated RNA isolation, 

(d) a reagent mix for a simultaneous RT and real-time PCR reaction or separate 
compounds thereof , allowing the automated dispersion of said mix, 

(e) optionally, specific oligonucleotides to perform said RT-PCT reactions, and, 

(f) optionally, an instruction manual describing a method for an automated RNA 
10 isolation, a method for the automated dispersion of a reagent mix and the 

dispersion of the isolated nucleic acids for RT- real time PCR, and a method for 
automated RNA analysis. 

The method according to the present invention can also be used for the quantification/ 
15 detection of DNA (ds or ss) in biological samples. Therefore, the present invention also 
relates to a method for the quantification of DNA from a biological sample wherein a 
method is used as performed for the quantification of RNA according to the present 
invention, wherein the RT reaction is skipped and wherein the compound of step (a) also 
protects the DNA from being degraded. As these nucleic acids are more stable than RNA, 
20 its stabilization is less important than for RNA. 



In addition, the present invention relates to a kit for isolating quantifiable DNA from a 
biological sample according to the present invention, wherein a reagent mix/ compounds 
for performing said RT reaction is absent. Situations where exact DNA levels need to be 
25 determined in biological samples may be to determine the 'presence' of infection(s)/ 
contamination(s) in biological samples by unexpected genes, pathogens or parasites; 
and/or to determine the 'lever of said infection/contamination. For example the method 
may be used to determine the percentage of transgenic material in a cereal batch. 

30 The present invention also relates to the use of any of the methods or kits as described 
above, for the monitoring/detection of changes of in vivo nucleic acids levels in a biological 
agent present in a biological sample. With changes is meant presence/absence or 
decreased/increased levels. With a biological agent is meant all types of agents carrying 
nucleic acids. With a biological sample is meant a sample carrying a biological agent; the 

35 biological sample may be a clinical, agrigultural, environmental, food, forensic sample or 
any other possible sample. 
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The method according to present invention may be used for various purposes. E.g. the 
method can be applied to detect changes in metabolic activity, to identify cellular states, to 
identify the differentiation of cells, to analyze gene induction, to start expression profiling, 
5 to identify cell types by evaluating their transcript content, to study genetic and/or familial 
disorders and/or genetic aberrations or to verify genetic identity. 



According to the present invention, said biological agent may be chosen for instance from 
the group consisting of eukaryotic cells, prokaryotic cells, viruses and phages. According 
10 to the present invention, the 'eukaryotic cell' may be any eukaryotic cell which is normally 
present or absent (eg. yeast, fungi, parasites or plant cells) in said sample; 'prokaryotic 
cells' may be bacteria; 'viruses' may be any RNA or DNA containing virus. 



The present invention also relates to the use a method or a kit, according to the present 
15 invention, for the monitoring/detection of changes of in vivo nucleic acids of a biological 
agent in a biological sample, in order to diagnose a certain disease. 



20 



The present invention also relates to the use a method or a kit, according present 
invention, for the monitoring/detection of changes of in vivo nucleic acids of a biological 
agent in a biological sample, in order to screen for a compound for the production of a 
"medicamehrfor curing a disease7"ThereTore71fie _ inv¥^ a compound" - 

identifiable by a method according to present invention. 



25 



An example of the disease to be cured or diagnosed is an immuno-related disease. 
Examples of immuno-related diseases may be rheumatoid arthritis, multiple sclerosis, 
cancer, immunodeficiencies (AIDS), allergy, graft rejection, GVHD . 



30 



The present invention also describes a use of a method or a kit according to the present 
invention, for the detection/monitoring/screening of a compound, wherein said compound 
is an immunomodulatory compound which may be chosen from the group consisting of 
eukaryotic cells, prokaryotic cells, viruses, phages, parasites, drugs (natural extracts, 
organic molecule, peptide, proteins, nucleic acids), medical treatment, vaccine and 
transplants. The use of such a method is not limited to detect/monitor/screen a single 
compound. Synergetic effects of group of substances can also be studied. 



35 
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The present invention also relates to the use of any of the methods or kits as described 
above, for the detection/monitoring of epitope specific CTLs or immuno-related transcripts. 

The method/kit according to the present invention can also be applied for the monitoring of 
5 in-vivo immunological responses after the treatment of patients with a - 
drug/treatment/vaccine susceptible to modify their immune status. According to the 
invention, the detection of cytokine mRNA (can be extended to chemokine, growth factors, 
cytotoxic markers, apoptosis markers, or any marker relate to the activation of the immune 
system known or to be discovered) with the described method in whole blood of patients 
10 under therapy or enrolled in clinical trials with an immunomodulator drug or treatment or 
with a vaccine (therapeutic or prophylactic) may be used to evaluate the efficiency, the 
safety and/or the eventual by-side effects of the therapy. 

The present invention also relates to a method/kit/procedure for the detection of in vivo 
immunological status for the diagnostic/prognostic of diseases affecting the immune 

15 system (cancer, auto-immune diseases, allergy, transplant rejection, GVHD, etc.) 

According to the invention, the detection of cytokine mRNA (can be extended to 
chemokine, growth factors, cytotoxic markers, apoptosis markers, or any marker relate to 
the activation of the immune system known or to be discovered) with the described method 
in whole blood of patients suffering a disease that affects directly of indirectly their immune 

20 system with the aim to dress a diagnosis or prognosis. 

The present invention also describes a method to identify an agent capable of modifying 
the immunological status of a subject via the analysis of epitope specific CTLs comprising 
the steps of: 

25 (a) applying an immunomodulatory agent(s) into a subject, 

(b) sampling whole blood from said subject, 

(c) optionally, pulsing blood cells present in the whole blood sample of step (b) with an 
identical/ similar and/or different immunomodulatory agent as applied in step (a), 

(d) collecting pulsed blood cells of step (c) or non-pulsed blood cells of step (b) in a tube 
30 comprising a compound inhibiting RNA degradation and/or gene induction, or adding 

said compound to the pulsed/non-pulsed cells, 

(e) forming a precipitate comprising nucleic acids, 

(f) separating said precipitate of step (e) from the supernatant, 

(g) dissolving said precipitate of step (f) using a buffer, forming a suspension, 

35 (h) isolating nucleic acids from said suspension of step (g) using an automated device, 
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(i) dispersing/distributing a reagent mix for RT-PCR using an automated device, 

(j) dispersing/distributing the nucleic acids isolated in step (h) within the dispersed 

reagent mix of step (i) using an automated device, 
(k) detecting/ monitoring/ analyzing the in vivo levels of epitope specific CTLs-related 
5 transcripts in the dispersed solution of step (|) in an automated setup, and, 
(I) identify agents able to modify the immunological status of said subject, 
whereby, in case the agent of step (a) is already present in the subject, step (a) is omitted. 
According to the present invention the immunomodulatory agent(s) may be present in case 
of a disease or in the presence of a transplant in said subject. In the present invention the 
10 'epitope specific CTLs-related transcripts' may be transcripts coding for cytokines, cytokine 
receptors, cytotoxines (like granzyme, perforines, etc.), members of the TNF-related 
cytokine-receptor superfamily and their ligands (ex: Fas and Fas-ligand) or other cellular 
receptors. 
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The present invention also describes a method to identify an agent capable of modifying 
the immunological status of a subject: 

(a) applying an immunomodulatory agent(s) into a subject, 

(b) sampling whole blood from said subject, 

(c) optionally, pulsing blood cells present in the whole blood sample of step (b) with an 
identical/ similar and/or different immunomodulatory agent as applied in step (a), 

_ (d) collecting pulsed blood cells of step (c) of non-pulsed blo^cells~ofstep"(bTin a tube 
comprising a compound inhibiting RNA degradation and/or gene induction, or adding 
said compound to the pulsed/non-pulsed cells, 

(e) forming a precipitate comprising nucleic acids, 

(f) separating said precipitate of step (e) from the supernatant, 

(g) dissolving said precipitate of step (f) using a buffer, forming a suspension, 

(h) isolating nucleic acids from said suspension of step (g) using an automated device, 

(i) dispersing/distributing a reagent mix for RT-PCR using an automated device, 

G) dispersing/distributing the nucleic acids isolated in step (h) within the dispersed 

reagent mix of step (i) using an automated device, 
(k) detecting/ monitoring/ analyzing the in vivo levels of immuno-related transcripts in the 

dispersed solution of step 0) in an automated setup, and, 
(I) identify agents able to modify the immunological status of said subject, 
whereby, in case the agent of step (a) is already present in the subject, step (a) is omitted. 
In the present invention the 'immuno-related transcripts' may be transcripts coding for e.g. 




cytokine(s), chemokines(s), growth factors, cytotoxic markers, transcription factors, 
members of the TIMF-related cytokine-receptor superfamfly and their ligands, or any 
markers related to activation of the immune system known or to be discovered. According 
to the present invention the immunomodulatory agent(s) may be present in case of a 
5 disease or in the presence of a transplant in said subject The subject according to the 
present invention may be of both human or animal origin. 

The present invention also relates to a method for the diagnosis/ prognosis/ monitoring of 
a clinical status affecting the immune system in a subject comprising the steps of: 
10 (a) sampling whole blood from said subject in a tube comprising a compound inhibiting 
RNA degradation and/or gene induction, or adding said compound to the blood cells, 

(b) forming a precipitate comprising nucleic acids, 

(c) separating said precipitate of step (b) from the supernatant, 

(d) dissolving said precipitate of step (c) using a buffer, forming a suspension, 

15 (e) isolating nucleic acids from said suspension of step (e) using an automated device, 

(f) dispersing/distributing a reagent mix for RT-PCR using an automated device, 

(g) dispersing/distributing the nucleic acids isolated in step (e) within the dispersed 
reagent mix of step (f) using an automated device, 

(h) detecting/ monitoring/ analyzing the in vivo levels of immuno-related transcripts in the 
20 dispersed solution of step (g) in an automated setup, and, 

(i) "detecting/ monitoring the^change m~ in vivo levels ofimmxino-re^ 

(j) diagnosing/ prognosing/ monitoring the disease, affecting the immune system. 

The present invention also provides a method for the diagnosis/ prognosis/ monitoring of a 
25 clinical status affecting the immune system in a subject comprising the steps of : 

(a) sampling whole blood from said subject, 

(b) pulsing blood cells present in the whole blood sample of step (a) with an identical/ 
similar and/or different immunomodulatory agent as present in the subject, 

(c) collecting pulsed blood cells of step (b) in a tube comprising a compound inhibiting 
30 RNA degradation and/or gene induction, or adding said compound to the pulsed cells, 

(d) forming a precipitate comprising nucleic acids, 

(e) separating said precipitate of step (d) from the supernatant, 

(f) dissolving said precipitate of step (e) using a buffer, forming a suspension, 

(g) isolating nucleic acids from said suspension of step (f) using an automated device, 
35 (h) dispersing/distributing a reagent mix for RT-PCR using an automated device, 




(i) dispersing/distributing the nucleic acids isolated in step (g) within the dispersed 

reagent mix of step (h) using an automated device, 
G) detecting/ monitoring/ analyzing the in vivo levels of immuno-related transcripts in the 
dispersed solution of step (i) in an automated setup, and, 
5 (k) detecting/ monitoring the change in in vivo levels of immuno-related transcripts, and, 
(I) diagnosing/ prognosing/ monitoring the disease affecting the immune system. 
In the present invention 'clinical status' is any change of the physical condition of a subject 
such as different diseases or presence of transplants. 

10 

Unless-otheiwise^efined^ll-teGhni^^^ 

meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Exemplary methods and materials are described below, although methods and 
materials similar or equivalent to those described herein can be used in the practice or 

15 testing of the present invention. All publications and other references mentioned herein are 
incorporated by reference in their entirety. In case of conflict, the present specification, 
including definitions, will control. The materials, methods, and examples are illustrative 
only and not intend to be limiting. Other features and advantages of the invention will be 
apparent from the following figures, detailed description, and from the claims. 

20 

Example 1 is performed b y the in vento rs and makes part of prior art literature (Stordeur et 
al, J Immunol Methods, 259 (1-2): 55-64, 2002). Nevertheless, it does not include the 
method as presented by the present invention. As this example describes materials and 
methods used/followed in the examples which prove the concept of the present invention, 
25 this first is included in the present document to make the concept of the present invention 
clear. Appropriate reference is made to this example. This makes the present document 
more complete and allows a person skilled in the art to reproduce the invention. 

Brief description of the figures and tables 
30 Figure 1.1: Standard curves for mouse IL-9 reproducibility. Standard curves were 
constructed with plasmid dilutions ranging from 10 3 to 10 7 copies (for details see text). A 
typicaj curve is shown for the TaqMan probe on GeneAmp 5700 (A), for hybridisation 
probes (B) and the TaqMan probe (C) on Lightcycler. 

35 Figure 1.2. Typical results for primer titration. Three different concentrations of each 
primer may be used: 300, 600 and 900 nM. Each concentration of forward primer is tested 
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in combination with each concentration of reverse primer in a real time PCR reaction 
starting with 10 5 copies of purified standard. The curves obtained with the different 
combinations of primer concentration were nearly similar for TNF-a (top panel), but quite 
different for IFN-y (bottom panel). In this latter case, we choose the primer concentrations 
5 that give the curve with the higher slope, and the lower Ct value, i.e. here 600/600 nM. 



Figure 1.3. Kinetic study for cytokine mRNAs. PBMC were cultured in medium alone 
(NS columns) or stimulated with 1 pg/ml PHA, for the indicated time periods. Real time 
PCR was performed for the different cytokine mRNAs, in four independent experiments. 
10 The results were expressed in mRNA copy numbers calculated relative to non-stimulated 
(NS) cells, after normalisation against 0-actin. The mean + SEM (error bars) of the four 
experiments is represented. 



Figure 1.4. Induction of IL-10 mRNA in human monocytes by IFN-oc. Human 
15 monocytes were cultured in medium alone (NS column) or stimulated with 5000 l.uyml 
IFN-cc for the indicated time periods. Cells were lysed and total RNA was extracted for IL- 
10 mRNA quantification by real time PCR. Results are expressed in mRNA copy numbers 
calculated relative to non-stimulated (NS) cells after normalisation against p-actin and 
represent the mean of three different experiments. 

Figure 2.1: RT-PCR for spontaneous production of IFN-^and IL-10 mRNAs in 
peripheral blood. Total RNA was extracted from whole blood and from PBMC, as stated, 
from six different healthy volunteers (columns 1 to 6). Whole blood : 0.6 ml of whole blood 
were mixed with 6 ml of Catrimox-14™, within the minute that follows sample collection. 

25 The samples were then centrifuged at 12000 g for 5 min. The resulting nucleic acids pellet 
was carefully washed with water, and dissolved in 1 ml of Tripure™. RNA extraction was 
then carried out according to Tripure™ manufacturer's instructions. PBMC : cells were 
prepared following standard procedures from 15 ml of heparinized venous blood, and 
lysed in 1 ml of Tripure™ for RNA extraction. RT-PCR for IFN-y, IL-10 and housekeeping 

30 gene HPRT were performed for all samples from 1 pg total RNA as described (Stordeur et 
al., (1995), Pradier et al., (1996)). 

Figure 2.2: Real time PCR for IFN^y and IL-10 mRNA stability in whole blood. A 

sample of citrated venous blood was collected from healthy donors. From this sample, a 
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100 Ml aliquot was mixed with 900 ul of Catrimox-14™, within the minute that follows blood 
collection, and every hour after during five hours, the blood sample being simply kept at 
room temperature between each aliquot taking. The resulting nucleic acids pellet (see 
legend to Figure 1) was dissolved in 300 ul lysis buffer from the "MagNA Pure LC mRNA 
Isolation Kit I" (Roche Diagnostics, Molecular Biochemicals). mRNA was extracted using 
the MagNA Pure LC Instrument (Roche Diagnostics, Molecular Biochemicals) following 
manufacturer's instructions (final elution volume: 100 pi). Reverse transcription and real 
time PCR were performed in one step, following the standard procedure described in the 
"Lightcycler - RNA Master Hybridisation Probes Kit" (Roche Diagnostics, Molecular 

-Ul of . t he_ mRNA— preparation. — Primers— and— probes- 



sequences, and PCR conditions, are described in Example 1 . Results are shown for one 
representative donor and expressed in mRNA copy numbers normalised against 0 actin. 

Figure 3: Schematic comparison of the RNA extraction method from whole blood as 
is suggested by PreAnalytiX compared to method as proposed by the present 
invention. 

Figure 4. Cytokine blood mRNA ex vivo induction by tetanus toxoid. Tetanus toxoid 
(10 ug/ml, Aventis) was added to 500 pi whole blood collected from healthy volunteer 
-5° va ccina te d against tetanus seven years ago. After different time periods at 37°C in a 5% 
C0 2 atmosphere, 1 .4 ml of the reagent contained in the PAXgene tube was added. 300 pi 
Of the obtained lysate were used to isolate total mRNA on the MagNA Pure instrument, 
and RT-PCR was performed as described in the present invention. 

25 Table 1 : Oligonucleotides for real time PCR. 

Table 2: Oligonucleotides for standard preparation. 

Table 3: Coefficients of variation (CV) (%). 

30 

Table 4: Comparison of Qlagen and MagNA Pure LC mRNA extraction methods. 



35 
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Modes for carrying out the invention: 

Example 1: Cytokine mRNA quantification by real-time PCR (published in Stordeur et al, J 
Immunol Methods, 259 (1-2): 55-64, 2002). 

5 

Real time PCR represents a new methodology that accurately quantifies nucleic acids. 
This has been made possible by the use of fluorogenic probes, which are presented in two 
forms, namely hydrolysis probes (also called TaqMan probes) and hybridisation probes. 
The inventors decided to apply this methodology to cytokine mRNA quantification and this 

10 led the inventors to the development of a protocol that provides an easy way to develop 
and perform rapidly real time PCR on a Lightcycler instrument. It was made possible by 
the use of freely available software that permits a choice of both the hydrolysis probe and 
the primers. The inventors firstly demonstrated that the reproducibility of the method using 
hydrolysis probes compares favourably with that obtained with hybridisation probes. The 

15 inventors then applied this technique to determine the kinetics of IL-1ra, IL-1|3,lL-5, IL-13, 
TNF-oe and IFN-^ induction upon stimulation of human peripheral blood mononuclear cells 
(PBMC) by phytohaemagglutinin (PHA). Finally, the method was also used successfully to 
demonstrate that IFN-ct Induces IL-10 mRNA accumulation in human monocytes. 

2 0 INTRODUCTION _ 

RT-PCR has become a popular technique with which to obtain insight into the complexity of 
the immune response. The easy detection of cytokine mRNA transcripts in a limited 
number of cells where the corresponding protein could barely be measured is probably one 
25 of the major advantages of the technique. Nevertheless, RT-PCR suffers from the 
drawback that it is difficult to quantify accurately the amount of these transcripts. To 
circumvent this, several (semi)-quantitative RT-PCR techniques have been developed 
during the last decade, including real time (or kinetic) PCR, which appears nowadays to be 
the most accurate. 

30 Real time PCR is so called because the amplicon accumulation can be directly monitored 
during the PCR process, using fluorogenic probes. Two kinds of such probes are currently 
used, namely the hydrolysis probes (TaqMan probes) that take advantage of the S'-tV 
exonuclease activity of Thermus aquaticus DNA polymerase (Holland et al., (1991); (Heid 
et al., (1996); Livak et al., (1995)), and the hybridisation probes that use the fluorescence 

35 resonance energy transfer (FRET) phenomenon (Wittwer et al., (1997b); Lay and Wittwer, 
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(1997)). Usually, TaqMan probes are used on a GeneAmp 5700 or an ABI PRISM 7700 
apparatus (Applied blosystems), and FRET probes on a Lightcycler apparatus (Roche 
Diagnostics, Molecular Biochemicais) (Wittwer et al., (1997a)). In this example, the 
inventors describe a simplified strategy to develop and perform real time PCR for cytokine 
5 mRNAs using TaqMan probes on a Lightcycler. First, the inventors present results 
obtained on both instruments for reproducibility testing of mouse IL-9 DNA quantification. 
Thereafter, the inventors applied this protocol to develop real time PCR for human IL-1 ra, 
IL-ip, IL-5, IL-1 3, TNF-cc, IFN-y and p-actin mRNAs, permitting the inventors to monitor the 
induction of these cytokines upon polyclonal activation of human peripheral blood 

JO mononuclear cells (PBMC). Finally, real time PCR for human IL-10 mRNA allowed the 

inventors to evaluate further the induction of this cytokine by IFIMcc in monocytes. 

MATERIALS AND METHODS 

15 Cells. PBMC were prepared from healthy donors by centrifugation of heparinized venous 
blood on Lymphoprep (Nycomed, Oslo, Norway Human). Monocytes were isolated from 
PBMC by a two cycle clumping method as described in a previous study (Stordeur et al., 
(1995)). Cells were cultured in RPMI 1640 medium + 10 % foetal calf serum (FCS), in a 5 
% C0 2 atmosphere incubator, at 2 million cells per ml. Phytohaemagglutinin (PHA) and 

20 lipopolysaccharide (LPS) were purchased at Sigma-Aldrich (Bornem, Belgium), and IFN-cc 
(IFN-a2byiftfron~A®) cam^frbmSchering-Plough (Brinny) CollnnishannsnTlrelarrd). 

Total RNA isolation and reverse transcription. Total RNA was isolated using a 
commercially available reagent (Tripure™, Roche Diagnostics, Molecular Biochemicais, 

25 Brussels, Belgium) following the manufacturer's instructions. In some cases, total RNA 
was treated with 10 units of RQ1 RNase-free DNase (Promega Corporation, Madison, Wl) 
for 30 min, in order to avoid amplification of contaminating genomic DNA (see footnote *** 
of Table I). After the addition of 500 pi of Tripure™ to inactivate DNase, total RNA was 
extracted once again. Reverse transcription of mRNA was carried out as follows: 8 ul of J 

30 water containing 500 ng of total RNA were added to 2 jjlI of oligo dT primer (0.5 ng/ul), and ' 
incubated at 65°C for 10 min. Samples were chilled on ice, and 10 ul of RT mix containing 
the following components were added: 1) 4 ul 5x RT buffer (250 mM Tris HCI, pH 8.3, 375 
mM KCI, 15 mM MgCI 2 ); 2) 2 ul deoxynucleotide triphosphate mix (10 mM each); 3) 0.2 jjtl 
bovine serum albumin (1 mg/ml); 4) 0.6 ul (25 U) human placental ribonuclease inhibitor 

35 (RNAguard®, Pharmacia Biotech, Sweden); 5) 1 ul (200 U) M-MLV reverse transcriptase 

i 



(Gibco Life Technologies, Scotland, UK); 6) 0.2 \il H 2 0; 7) 2 Ml dithiothreitol (100 mM). The 
samples were then incubated at 37°C for 60 min. 

Primers and probes. Except for the mouse IL-9 TaqMan probe that was kindly provided 
5 by Applied Biosystems (Applied Biosystems, Foster City, CA), all primers and probes used 
in this study (sequences listed in Table I) were synthesised at Biosource Europe (Nivelles, 
Belgium) and designed with the Primer 3 software (Steve Rozen and Helen J. Skaletsky, 
1996, 1997, 1998; http://www-aenome.wi.mit.edu/cgi-bin/primer/primer3 www.cai ). The 
default parameters of the program were applied, except for the following: product size 70 to 

10 90 bp, primer size 18 to 27 bp, primer Tm 58 to 62 °C with a max Tm difference of 2.0 °C, 
product Tm 0 to 85 °C, max self and 3' self complementarity for primers = 6.00, max poly-X 
= 3, primer and Hyb Oligo penalty (penalty weights for primer pairs) = 2.0, Hyb Oligo Tm 68 
to 72 °C, max self and 3' self complementarity for Hyb Oligo ~ 6.00, max poly-X = 3. Within 
the proposed oligonucleotides, primers and probe were selected following these criteria: (in 

15 order of importance) 1) intron spanning if possible, 2) no G in 5' for the probe, 3) no more 
than two G or C within the five last nucleotides in 3' for the primers, 4) more C then G in the 
probe. 

PCR on the GeneAmp 5700 for mouse IL~9 DNA, The PCR reaction was carried out in a 
20 50 jLil final volume containing: 1) H g O up to 50 pi; 2) 25 |xi Universal PCR Master Mix 
(Applied Biosystems); 3) 1 pi of 6 pmoles/pl for each forward and reverse primer (final 
concentration 300 nM); 4) 1 pi of 4 pmoles/pl TaqMan probe (final concentration 200 nM); 5) 
5 pi of plasmid dilution. After an initial denaturation step at 94°C for 10 min, temperature 
cycling was initiated. Each cycle consisted of 94°C for 15 s and 60°C for 60 s, the 
25 fluorescence being read at the end of this second step. 45 cycles were performed, in total. 

PCR on the Llghtcycler with hybridisation probes (mouse IL-9 DNA). The PCR 

reaction was carried out in a 20 p.l final volume containing: 1) H 2 0 up to 20 pj; 2) 2 pi DNA 
Master Hybridisation Probes 10x (DNA Master Hybridisation Probes Kit - Roche 

30 Diagnostics, Molecular Biochemicals); 3) 5 pi 25 mM MgCI 2 ; 4) 1 pi of 6 pmoles/pl forward 
and 3 pi of 6 pmoles/pl reverse primers (final concentration 300 and 900 nM, respectively); 
5) 1 pi of 4 pmoles/pl of each of both hybridisation probes (final concentration 200 nM); 6) 
0.3 pi anti-Taq DNA polymerase antibody (Platinum® Taq antibody, Gibco Life 
Technologies); 7) 1 p) of plasmid dilution. After an initial denaturation step at 95°C for 30 s, 

35 temperature cycling was initiated. Each cycle consisted of denaturation at 95°C for 0 (zero) 




second, hybridisation at b9°C for 1U s, and elongation at /2 U C for 10 s. The fluorescent 

signal was acquired at the end of the hybridisation step (F2/F1 channels, fluorimeter gains 
regulated on 1 for F1, 15 for F2 and 30 for F3, with color compensation). 45 cycles were 
performed, in total. 

5 

PCR on the Lightcycler with TaqMan probes. The PGR reaction was carried out in a 20 
111 final volume containing: 1) H 2 0 up to 20 |xl; 2) 2 pi DNA Master Hybridisation Probes 10x 

(DNA Master Hybridisation Probes Kit - Roche Diagnostics, Molecular Biochemicals); 3) 5 
pi 25 mM MgCI 2 ; 4) 1, 2 or 3 pi of 6 pmoles/pl forward and reverse primers (final 

10 concentration 300, 600 or 900 nM, see Table I); 5) 1pl of 4 pmoles/pl TaqMan probe (final 
concentration 200 nM); 6) 0.3 pi anti-Taq DNA polymerase antibody (Platinum® Taq 
antibody, Gibco Life Technologies); 7) 1 pi cDNA or standard dilution. After an initial 
denaturation step at 95°C for 30 s, temperature cycling was initiated. Each cycle consisted 
of 95°C for 0 (zero) second and 60°C for 20 s, the fluorescence being read at the end of 

15 this second step (F1/F2 channels, fluorimeter gains regulated on 8 for F1 , 2 for F2 and 4 for 
F3, without color compensation). 45 cycles were performed, in total. 

Standard curves and results expression. mRNA levels were expressed either in 
absolute copy numbers or in relative copy numbers normalised against (3-actin mRNA. 

20 This was achieved by constr ucting, for eac h PCR run, a s tandard curve from serial dilutions 

of a purified DNA. This latter consisted of a PCR product that included the quantified 
amplicon, and that was prepared by "classical" PCR from cDNA positive for the concerned 
target mRNA. These PCR products used as standards were purified from agarose gel 
following standard procedures, at the end of which the copy number was calculated as 

25 described (Overbergh et al., (1999)). Detailed information concerning these standards is 
given in Table II. For human lL-5 and mouse IL-9, the serial dilutions were made from a 
purified plasmid (mouse IL-9 plasmid was kindly provided by Dr Jean-Christophe Renauld 
from the Ludwig Institute, Brussels, Belgium, and human IL-5 plasmid was purchased from 
the American Type Culture Collection, Manassas, VA). 

30 The mRNA copy numbers were calculated for each sample from the standard curve by the 
. instrument software, using the Ctvalue ("Arithmetic Fit point analysis" for the Lightcycler). 
Results were expressed in absolute copy numbers, or in copy numbers calculated relative - 
to unstimulated cells, after normalisation against p-actin mRNA, as follows. 

For each sample, a corrected cytokine mRNA copy number (CN) was firstly 

35 calculated: 



• 
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Corrected cytokine mRNA CN = 
(cytokine mRNA CN/J3-actin mRNA CN) */3-actin mRNA CN of unstimulated cells 
Then the relative copy number was obtained from the formula: 

Relative CN (%) = 

5 (corrected cytokine mRNA CN/ corrected cytokine mRNA CN of unstimulated cells) *100 
This normalisation against the house keeping gene is possible only if both PGR (cytokine + 
house keeping genes) present the same efficiency. This latter has been calculated for 
each PCR run from the slope of the standard curve: 

Efficiency (E) = 10 <- 1/sIo p°) 
10 and found to be nearly similar for all PCR reactions presented in this study. If that had not 
been the case, the inventors could have expressed their results in AACt instead of relative 
copy numbers. In this case, for each sample, two "ACT can be calculated: 

ACt cytokine = Ct cytokine of the sample - Ct cytokine of unstimulated cells 
ACt fi-actin = Ct P-actin of the sample - Ct /3-actin of unstimulated cells 
is and used for the determination of the AACt: (for each sample) 

AACt = [l + (e^/ E act )]-< ACt(ytokIne ' ACt ft' ac0n) * 100 
where E<y = efficiency of cytokine PCR and E act = efficiency of p-actin PCR. 
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RESULTS. 



Use of TaqMan chemistry on the Llghtcycler: reproducibility of mouse IL-9 DNA 
quantification: The inventors transposed to the Lightcycler the protocol recommended by 
Applied Biosystems for TaqMan probe use on a GeneAmp 5700. To confirm that this 
protocol gave the same results on both types of apparatus, the inventors compared the 

25 reproducibility of mouse IL-9 DNA quantification on the two instruments, for the two kinds of 
probes (except for hybridisation probes that could not be used on GeneAmp 5700). This 
was carried out with three dilutions of a plasmid that contained the coding sequence of the 
cytokine. The PCR were performed for each plasmid dilution twenty times in one 
experiment (intra-run coefficient of variation (CV)), and once in twenty different experiments 

30 (inter-run CV). The copy numbers were calculated for each dilution from a standard curve 
constructed with serial dilutions of the plasmid (Figure 1.1). The CV of the copy numbers 
was calculated for each dilution (Table lll-A). The inventors found (1) that the TaqMan 
probe on the Lightcycler offered a better reproducibility than hybridisation probes, 
especially for low copy numbers in inter-run assays, and (2) that the intra-run reproducibility 

35 was similar and satisfactory for the two instruments, while the Lightcycler globally 




presented a better but unsatisfactory inter-run reproducibility. On this basis, the inventors 
decided to express their results in copy numbers calculated relative to unstimulated cells, 
after normalisation against (3-actin. 

5 Quantification of human IL-1ra, IL-lfrIL-5, IL-13, TNF-cc and IFN-y mRNAs. The 
strategy proposed in example 1 to develop real time PCR is simple and includes the 
following steps: (i) primers and probe choice with the primer 3 software; (2) preparation of 
the standard by "classical" PCR; (3) primer titration. The inventors successfully applied it 
for different cytokine mRNAs and effectively found that the only necessary adaptation was 

10 the primer titration (Figure 1 .2). This technique was then used in a kinetic study of human 
PBMC stimulated with PHA. The inventors quantified the mRNA levels of IL-1ra, IL-1(3,IL- 
5, IL-13, TNF-oc, IFN-y and p-actin at different times of culture. Figure 1.3 illustrates the 
capacity of this system to quantify cytokine mRNAs. A similar pattern, I.e. a rapid but 
transient induction, peaking around four to eight hours after PHA addition, was seen for the 

15 different cytokines. 

Human IL-10 transcript quantification: monocytic IL-10 mRNA Induction by IFN-cc 
The inventors developed IL-10 mRNA quantification, in order to study the capacity of IFN-a 
to enhance IL-10 mRNA levels, which was demonstrated in previous studies (Schandene et 
20 aL, (1996); Aman et ah, (1996)). First, the inventors ev aluated the reproducibility of the 
method for IL-10 mRNA, using a cDNA from LPS-stimulated PBMC. The coefficient of 
variation obtained was satisfactory as shown in Table III-B. Data presented in Figure 1,4 
confirmed that IFN-a induces a clear and transient induction of IL-10 mRNA in purified 
monocytes. 

25 

DISCUSSION 

The development of real time PCR to quantify a (c)DNA copy number represents a major 
step forward in PCR technology. It is now routinely applied in cancer for the evaluation of 

30 minimal residual disease (Nakao et al., (2000); Verhagen et al., (2000)), as well as for the 
detection of bacterial and viral infections (Lyons et al., (2000); Yun et aL, (2000); Josefsson 
et al., (2000)). Apart from these applications, real time PCR has been used little to date for 
cytokine mRNA quantification (Brink et al., (2000); Overbergh et al., (1999); Blaschke et al., 
(2000)). However, as demonstrated by Wang and Brown (1999), real time PCR gives 

35 similar results than the RNase protection assay, a technique widely used to quantify 




cytokine mRNAs (these authors demonstrated a strong correlation between the two 
techniques, with a higher sensitivity for the kinetic PCR). In the same vein, a recent study 
showed that real time PCR for IL-16 mRNA quantification gave the same results as 
competitive conventional RT-PCR (Blaschke et al. s (2000)). These observations led the 

5 inventors to develop real time PCR for cytokine mRNA quantification using TaqMan 
chemistry on a Lightcycler. The use of FRET technology requires the simultaneous choice 
of four different oligonucleotides (two primers and two probes) and no available software 
existed for such a design, whereas the selection of TaqMan probes and primers was 
possible through freeware on the Net. Moreover, the successful use of hydrolysis probes 

10 on a Lightcycler has already been described (Kreuzer et aL, (1 999)). 

The protocol for kinetic PCR with TaqMan probes on the GeneAmp 5700 was readily 
transposed. In order to optimise the technique, the inventors investigated different 
conditions and found that a unique protocol can be used for different target mRNAs. This 
was exactly as suggested by Applied Biosystems for the GeneAmp 5700, the only 

15 adjustment required for a new mRNA target design being the titration of primer 
concentrations (300, 600 or 900 nM of each primer). 

The inventors evaluated the reproducibility of the protocol and found satisfactory intra-run 
coefficients of variation for both apparatus, and a better reproducibility for TaqMan probes 
compared to hybridisation probes, especially for inter-run assays. These results validated 

20 the use of TaqMan probes on a Lightcycler. Nevertheless, because of the inter-run 
coefficients or variatiorT,"tfie inventors expressed fheir fesuTtsTn copy numbers "calculated 
relative to a reference sample, after normalisation against a house keeping gene. As far as 
the intra-run coefficients of variation are concerned, similar results have been obtained in 
previous studies (Overbergh et aL, (1999), Bolufer et ai., (2000), Gerard et al., (1998)). 

25 The methodology described in the present example was easily and successfully applied to 
the quantification of several cytokine genes. It was first used to determine the magnitude 
and the kinetics of induction of cytokine mRNAs upon polyclonal activation of PBMC. 
Then, the inventors took advantage of the technique to specify the effects of IFN-a on IL-10 
mRNA accumulation in human monocytes. Indeed, it has been previously suggested that 

30 IL-10 might mediate some of the anti-inflammatory properties of type I interferons 
(Schanden6 et al., (1996); Aman et al., (1996)). However, the influence of IFN-a on the 
production of IL-10 by monocytes is controversial and seems to depend on the activation 
system considered (Pawelec et aL, (1999); Hermann et aL, (1998)). The high sensitivity of 
the real-time PCR method permitted the inventors to demonstrate unambiguously that IFN- 

35 a triggers IL-10 mRNA induction in monocytes in the absence of any other stimulus. Apart 
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from the data presented in this paper, the inventors afso successfully used the same 
approach to demonstrate an impaired synthesis of IL-12 (p35) mRNA by neonatal dendritic 
cells (Goriely et al., (2001)), providing thereby a molecular basis for the deficient Th1-type 
immune responses in the newborn. 

5 In conclusion, the inventors provide in the present example a simple strategy to perform 
and develop quantitative real time PCR for cytokine mRNA quantification. A unique 
protocol is used for different target mRNAs, the only adjustment being the primer titration, 
so that real time PCR for a new target mRNA is rapidly developed. This is, in part, due to 
the use of the primer 3 software that permits the simultaneous choice of the probe and the 

10 primers, leading to successful oligonucleotide design. In this way it is possible to avoid the 
use of a fluorescent dye (e.g. SYBR Green or ethidium bromide), which is less sensitive 
and less specific than the probe. The inventors suggest that this technique has many 
advantages for researchers wishing to quantify cytokine mRNAs, and could provide 
powerful insights into the complexities of the cytokine network. 

15 



Example 2: Analysis of Spontaneous Cytokine mRNA Production in Peripheral Blood 

The quantification of the cytokine mRNAs synthesized by peripheral blood cells should 
20 make it possible to estimate a "peripheral immune statute". However, an accurate 
quantification can only be performed from a fresh whole blood sample in which mRNATs 
protected against nuclease digestion, and where gene transcription is inhibited. As 
discussed in this note, this has been made possible by the use of surfactant reagents such 
as tetradecyltrimethylammonium oxalate. RT-PCR for the quantification of IL-10 and IFN-y 
25 mRNAs spontaneously produced in peripheral blood was performed. The results showed 
pronounced higher IFN-y transcript levels in whole blood compared to peripheral blood 
mononuclear cells (PBMC) from the same individuals, while no significant difference was 
observed for IL-10 mRNA. The higher amounts of IFN-y mRNA observed in blood can be 
attributed at least to mRNA degradation. Using a real time PCR technique, it could indeed 
30 be demonstrated that blood IFN-y mRNA is rapidly degraded in vitro, the t Vz being worth 
approximately one hour at room temperature. 
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Hartel et al. recently analysed the influence of cell purification procedure on spontaneous 
cytokine mRNA production in peripheral blood (Hartel et al., 2001). They showed that 
freshly isolated peripheral blood mononuclear cells (PBMC) expressed higher levels of IL- 
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2, IL-4 and TNF-a mRNA than freshly collected whole blood from the same individual, 
while no difference in IFN-y mRNA level was observed. The inventors performed such a 
comparison for IFN-y in six different individuals, and found different results. The inventors 
indeed observed a strong expression of IFN-y mRNA in whole blood of all donors, which is 

5 clearly decreased in PBMC (Figure 2.1). this difference between the results obtained by 
the inventors and those of Hartel et al, despite the fact that these latter used a quantitative 
real time PCR technique, could be related to the procedure used to isolate total RNA from 
whole blood. Hartel et al. used heparinized blood that was hemolyzed within two hours by 
isotonic ammonium chloride treatment. The inventors used tetradecyltrimethylammonium 

10 oxalate, a cationic surfactant reagent called Catrimox-14™ (Qiagen, Westburg, Leusden, 
The Netherlands) that is directly mixed with the blood, avoiding the use of anticoagulants 
(Dahle and Macfarlane, (1993); Schmidt et al., (1995)). Moreover, this reagent induces 
nucleic acids precipitation and nuclease inhibition, in the minute that follows sample 
collection. This provides a total RNA preparation that is probably the nearest of in vivo 

15 mRNA status. This is especially important for cytokine mRNA, which are made sensitive 
to endogenous nucleases by their AU-rich sequences located in their 3' untranslated 
region. Using a real time PCR technique, the inventors indeed observed that peripheral 
blood IFN-y mRNA is spontaneously and rapidly degraded, the levels being decreased by 
roughly 50 % already one hour after blood collection. However, this phenomenon is not 

20 necessary true for all the cytokines, as the in ventors found that IL-1 0 mRNA level is st able 
for at least the five hours that follow blood sampling (Figure 2.2). Moreover, the inventors 
did not find significant differences in whole blood IL-1 0 mRNA levels, compared to those of 
PBMC (Figure 2.1). 

25 The nucleic acids pellet obtained after Catrimox-14™ lysis (see legend to Figure 2.1) can 
be dissolved in the guanidium/thiocyanate solution described by Chomczynski and Sacchi 
(1987), as well as in its commercially available version, such as Tripure™ Roche 
Diagnostics, Molecular Biochemicals, Brussels, Belgium), making the use of this surfactant 
particularly easy. This means that, except for the first step with Catrimox-14™, the RNA 

30 isolation procedure is the same for whole blood and cells. Alternatively, PAXgene™ Blood 
RNA Tubes (Qiagen, Westburg, Leusden, The Netherlands) could be used in the place of 
Catrimox-14™. In this case, the resulting pellet can be dissolved in the lysis buffer of the 
"MagNA Pure LC mRNA Isolation Kit I", as described for Catrimox-14™ in legend to Figure 
2.2. The characterisation of spontaneous IL-10 mRNA production by human mononuclear 



blood cells (Stordeur et al., (1995)), and the monitoring of in vivo tissue factor mRNA 
induction by OKT3 monoclonal antibody (Pradier et al., (1996)), represent two examples 
where Catrimox-14 was successfully used. The inventors also observed a strong IL-2 
mRNA induction after addition of ionophore A23187 + phorbol myristate acetate to whole 
5 blood (not shown), suggesting its use for in vitro studies on whole blood. 



The observations made by the inventors stress the importance to perform RT-PCR from 
whole blood lysed as fast as possible, in order to accurately quantify peripheral blood 
cytokine mRNA. For this purpose, the use of reagents such as Catrimox-14 or the additive 
10 contained in the PAXgene™ Blood RNA Tubes, together with real time RT-PCR. p robably 
represents to-date the best procedure. By doing so, the study of the natural status of 
peripheral blood cells would be possible without the use of in vitro strong stimuli such as 
ionomycin or phytohaemagglutinin. 



15 Example 3: Comparison between the PAXgene™ Blood RNA System and proposed 
method according to the present invention. 

With the 'PAXgene™ Blood RNA System* is meant the combination of the PAXgene™ 
Blood RNA Tube* with the 'PAXgene™ Blood RNA Kif. With the 'Qiagen Method', it is 
20 meant 'PAXgene™ Blood RNA Kif. 



Based on the experimental evidence of example 2 of the present invention, the inventors 
propose a new procedure to isolate mRNA from whole blood which allows to determine in 
vivo transcript levels using an easy and reproducible method. The PAXgene™ blood RNA 
25 System and the method according to present invention are schematically compared in 
Figure 3. 

Material and methods : 

All experiments were performed from peripheral venous blood directly collected in 
30 PAXgene™ Blood RNA Tubes as recommended by the PAXgene™ Blood RNA System 
(Qiagen) {i.e. 2.5 ml of blood.were vacuum collected. within the tube that contains 6,9 ml of 
an unknown reagent). After lysis completion, the content of the tube was transferred in 
two other tubes : 4.7 ml were used for PAXgene blood RNA kit, and 0.4 ml for MagNA 
Pure extraction. The remaining of the lysate was discarded. These two tubes were 
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centrifuged at 2,000 g for 10 min and the supernatant discarded. The nucleic acid pellet 
was then: 

a) PAXaene™ Blood RNA Tube + PAXaene™ Blood RNA Kit - ... washed in water 
before being dissolved in BR1 buffer for total RNA extraction, as recommended in the 
5 corresponding instruction manual- The procedure of the PAXgene™ Blood RNA System is 
as follows: Blood samples (2,5 mi) are collected in PAXgene Blood RNA Tubes, and may 
be stored or transported at room temperature if desired. RNA isolation begins with a 
centrifugation step to pellet nucleic acids in the PAXgene Blood RNA Tube. The pellet is 
washed, and Proteinase K is added to bring about protein digestion. Alcohol is added to 

io adjust binding conditions, and the sample is applied to a spin column as provided by the 
PAXgene™ Blood RNA Kit. During a brief centrifugation, RNA is selectively bound to the 
silica-gel membrane as provided by the PAXgene™ Blood RNA Kit as contaminants pass 
through. Following washing steps, RNA is eluted in an optimized buffer. Reverse 
transcription and real time PCR for IFN-7 and 0-actin mRNAs were conducted as described 

15 in example 1 "Cytokine mRNA Quantification by Real Time PCR" (Stordeur et al, J 
Immunol Methods, 259 (1 -2): 55-64, 2002). 

-b) PAXaene™ Blood RNA Tube + + MaaNA Pure LC mRNA Isolation Kit I - ... 
dissolved in 300 pi lysis buffer from the MagNA Pure mRNA Isolation Kit. Extraction and 
20 purification of mRNA in a final elution volume of 100 pi were then performed on the 



MagN/TPure LCHr^umerit following the" instrucrtions"ffom"Roche DiagnosHcsT Molecular 
Biochemicals. 

Reverse transcription and real time PCR were conducted in one step, following the 
standard procedure described in the "Lightcycler - RNA Master Hybridisation Probes Kit" 
25 (Roche Diagnostics, Molecular Biochemicals), starting from 5 pi of the mRNA preparation. 

Results: 

The inventors performed the comparison of the extraction method recommended by 
Qiagen in combination with the PAXgene™ Blood RNA Tubes (PAXgene™ Blood RNA 

30 System), with the MagNA Pure LC Instrument extraction method also in combination with 
the PAXgene™ Blood RNA Tubes. In both methods the use of the PAXgene™ blood RNA 
Tubes allows to stabilize RNA from blood cells. The results are listed in Table 4.1 and 4.2. 
The results of this experiment show a better reproducibility for the MagNA Pure LC 
Technique (coefficients of variation for IFN-y mRNA copy numbers corrected against |3- 

35 actin are 26 versus 1 6 % for Qiagen versus MagNA Pure LC, respectively). 
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It is interesting to note that MagNA Pure extraction was performed from a starting blood 
volume lower than that used with the Qiagen method (0.1 1 ml for MagNA Pure versus 1.25 
ml for Qiagen). If the Qiagen method had been performed with such small volume, it would 
5 be impossible to measure the RNA concentration, even to perform the reverse 
transcription. This stresses another advantage of the technique described in the present 
invention : the possibility to quantify mRNA in a very small volume of blood (about 100 jjI). 

Conclusion: 

10 Example 3 illustrates the possibility to use the PAXgene™ Blood RNA Tubes in 
combination with the MagNA Pure LC mRNA Isolation Kit I, or more precisely, the 
possibility to dissolve the precipitate from the PAXgene™ Blood RNA Tube in the lysis 
buffer contained in that kit, this lysis buffer necessarily having to be used with the other 
components of the kit. 

15 The present inventors prove in this example that in contrast to other combinations, only the 
combination as described in the present invention, leads to correcl/real in vivo transcript 
quantification. 

Example 4: Ex vivo monitoring of immune response against tetanus toxoid. 

20 



healthy volunteer whole blood whole bIood blood , ig b mRNA SS? BP P ° R 

S^tetn,i S --> So 0 " 1 " ► Emulation with ► adding the reagent ► extraction on l^agNA Pure 

against tetanus heparin tetanus toxoId contained In the the MagNA and 

PAXgene tube Pure Ughtcycler 



In example 4, blood is stimulated ex vivo with an antigen (i.e. tetanus toxoid) against which 
the blood donor is supposed to be immunised (because vaccinated seven years ago). RT- 
25 PCR is performed according to the method. Cytokine mRNA is measured as a read out of 
the ability of the volunteer's immune system to react against the antigen. The IL-2, IL-4, IL- 
13 and IFN-y mRNAs are preferentially analysed, but all potentially reactive proteins can 
be analysed via the quantification of their corresponding mRNA. Results of example 4 is 
shown in figure 4. 
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Generally the strategy followed in this example can be schematically represented as 
follows: 

Vaccina ►» Patient ► whole blood ► short ► +lysing ► RT-PCR 

collection ex-vlvo buffer following 

pulse method 
with 
vaccine 

5 

Example of possible application : Cancer immunotherapy 
Since some years, basic strategies on cancer immunotherapy evolved in the way of the 
vaccination. In fact, the progresses in genetic and in immunology have allowed identifying 
a number growing tumor antigens that are expressed to the surface of tumor cells. These 

io antigens are presented to the surface of tumor cells under the form of peptides associated 
to the major histocompatibility complex (HLA). Example of antigens that might be 
considered as tumor antigens are described by Fong and Engleman (Annu. Rev. Immunol. 
2000. 1 8:245-273). The principle of the anti-cancer vaccination consists to present these 
antigens to the system immune of the patient following the most immunogenic way 

15 immunogenic. That goes from the injection of the antigen or corresponding peptides in the 
presence of additives to the presentation of the peptide on autologous antigen presenting 
cells (dendritic cells, for example). Although the ultimate goal of vaccination anti-cancer 
vaccination remains the regression of the tumor, the determination of the efficiency of anti- 
cancer vaccination remains difficult especially in the case of patients in advanced phase of 

20 the disease -that can-profit-only-from-a -limited window of-treatment- lt-is-the-reason-why-the- 
anti-cancer vaccination could especially be interesting as adjuvant therapy or in the 
framework of the prevention. It is therefore extremely important to develop sensitive and 
precise monitoring techniques to evaluate the immunological effects of the experimental 
anti-cancer vaccination in order to specify the method of administration of these vaccines 

25 and discover the implied biological mechanisms that will be able to help better to define the 
futures therapeutic protocols. The difficulty to measure the immunological efficiency of 
these vaccines resides essentially in the absence of assays sufficiently sensitive to detect 
a cellular immune response in vivo. Until now, the used techniques implied the intensive in 
vitro culture of the PBMC of patients on of long periods times in the presence of antigen 

30 and of co-stimulating susceptible to induce a modification of the original functional 
characteristics of lymphocytes. Thus, the analyses of the anergic states or tolerant states 
of the lymphocyte precursors directed against the tumor antigens is extremely difficult 
being given the reversible nature of their functional state after their extended in-vitro 
incubation in the presence of antigen. On the other side, techniques based on tetramers of 

35 MHC-peptides complexes that are used for the detection of low frequencies of epitope- 
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specific-CTL precursors lack usually sensitiveness for the detection of tumor-specific 
lymphocytes. In addition these techniques do not give any information on the functional 
reactivity of these lymphocytes 

Only techniques that are sensitive enough to be able to detect an original functional 
5 reactivity of the lymphocytes to a given antigen, for example after a very short stimulation 
in vitro with antigen will allow a real evaluation of the efficiency of anti-cancer vaccination 
protocols. 

It has been shown recently (Kammula, U. S., Marincola, F. M. f and Rosenberg, S. A. 
(2000) Real-time quantitative polymerase chain reaction assessment of immune reactivity 
10 in melanoma patients after tumor peptide vaccination- J. Natl. Cancer Inst 92: 1336-44) 
that the detection of cytokine mRNA associated to a short in-vitro stimulation (2 hours) of 
PBMC were able to detect epitope-specifiq CTLs in the PBMC's of patients undergoing 
vaccination with a tumor antigen. Nevertheless, according to present inventors this short 
ex vivo pulse is not essential. 

15 

Example 5: Detection of the activation of the immune system of the recipient by the 
histocompatibility antigens of the donor. 

Donor ► Recipient ► whole blood ► +lysing ► RT-PCR ► cytokine 

._ or 9an _^ Ue ?? 0 I! buffer following mRNA 

method ~ — 
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In example 5, an organ (ex. liver, kidney, bone marrow, etc.) from a donor is transplanted 
to a recipient Whole blood the recipient is collected in a tube comprising a compound 
inhibiting RNA degradation and/or gene induction according to present invention. RT-PCR 
is performed according to the method. Cytokine mRNA is measured as a read out of the 
activation of the immune system of the recipient by the histocompatibility antigens of the 
donor. 
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Example 6: Detection of the reactivity of the immune system of the recipient to the 
histocompatibility antigens of the donor. 



Donor ► Recipient ► whole blood ► short ► + iysfng ► RT-PCR ► cytokine 

organ collection ex-viyo buffer following mRNA 

pulse method 
with 
donor 
antigens 



5 

In example 6, an organ (ex. liver, kidney, bone marrow,,..) from a donor is transplanted to 
a recipient. Whole blood of the recipient is collected on a tube and incubated ex-vivo with 
the histocompatibility antigens of the donor. A compound inhibiting RNA degradation 
and/or gene induction according to present invention is added to the blood. RT-PCR is 
10 performed according to the method. Cytokine mRNA is measured as a read out of the 
response of the immune system of the recipient by the histocompatibility antigens of the 
donor. 

Example of application : monitoring of rejection after organ transplantation 

15 The monitoring of rejections of transplants is essentially based on the detection of markers 
measured in the urine or the blood of patients (blood urea nitrogen-BIN- or creatinine in the 
case of kidney transplants) or at the time of the analyses of biopsies of the grafted organ. 

Theseindicators arehowever onlydetected-wherrihe-rejection-mechanism is-already-welh 

. advanced. In fact, transplant rejection is the result of an immunological mechanism that 

20 precedes the deterioration of the grafted organ. The detection of these immunological 
mechanisms before the grafted organ is damaged would allow to reduce in a considerable 
manner the loss of the grafted organ by adapting more earlier the immunosuppressive 
treatments. On the other side, it is also recognized that of sub-clinical episodes of 
rejections (with no induction of clinical signs) occur themselves frequently after 

25 transplantation. These episodes sub-clinical rejection episodes could be the cause of 
chronic rejections. Several authors have investigate the detection of precocious 
immunologiques markers of organ rejection and particularly the detection in the circulation 
of recipient alloreactive T-lymphocytes directed against the allo-antigens of the donor. 
Methods include essentially the association of mixed cultures with the consecutive 

30 measurement of the proliferation of the lymphocytes of the receiver or the measurement of 
the production of cytokines by different methods (ELISA, ELISPOT, flow cytometry, etc.). 
More recently, other authors have looked on the characterization of lymphocytes activation 
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markers patterns susceptible to underline precociously the triggering of a rejection 
mechanism. The detection of mRNA of genes expressed by the cytotoxic activated T- 
lymphocytes T activated (granzyme B, perforine, different cytokines) by sensitive methods 
of quantitative PCR were showed to be excellent tools to measure the triggering of a 
5 rejection. For this purpose, according to present invention, messengers coding for different 
kinds of cytokines may be studied, preferential targets may be IL-2, IFN-gamma, IL-4, IL-5, 
Granzyme, perforine and FasFas-ligand. 

Its is to be understood that while the invention has been described in conjunction with the 

40 detailed-desGriptiorvthereofT^he-feregoing 

the scope of the invention, which is defined by the scope of the appended claims. All of the 
references cited in the description are incorporated by reference. Other aspects, 
advantages, and modifications are within the scope of the following claims. 
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TABLE 1. Oligonucleotides for real fane PCR. 



mRNA 
targets 


Oligonucleotides (5'-»3') * 


Product 
size 
(bp) 


Final 
concentration 

(nM)** 


IL-lra 


F264 : GAAGATGTGCCTGTCCTGTGT 
R343 : CGCTCAGGTCAGTGATGTTAA 

rzy 1 : or^am- 1 OCj 1 L* A I Lr ACjACC AijAL. 1 LLAuL lu-1 amra-p 


80 


F900 
R 900 


IL-10 


F176 : ACAGATGAAGTGCTCCTTCCA 
R248 : GTCGGAGATTCGTAGCTGGAT 
P207 : 6Fam-CTCTGCCCTCTGGATGGCGG-Tamra-p 


73 


F600 
R 900 


IL-5 


F83 : AGCTGCCTACGTGTATGCCA 
R153 : GCAGTGCCAAGGTCTCTTTCA 

PI 04 : 6Fam-CCCCACAGAAATTCCCACAAGTGCArT--TaTtira-p 


71 


F300 
R 900 


EL-10 


F409 : CATCGATTTCTTCCCTGTGAA 

R482 : TCTTGGAGCTTATTAAAGGCATTC 

P431 : 6Fam-ACAAGAGCAAGGCCGTGGAGCA-Tamra-p 


74 


F600 
R 900 


IL-13 


F155 : TGAGGAGCTGGTCAACATCA 

R230 : CAGGTTGATGCTCCATACCAT 

PI 87 : 6Fam-AGGCTCCGCTCTGCAATGGC-Tamra-p 


76 


F900 
R 900 

AV \J\J 


TNF-cc 


F275 : CCCAGGGACCTCTCTCTAATC 
R358 : ATGGGCT ACAG GCTTGTC ACT 
P303 : oFam-TGGCCCAGGCAGTCAGATCATC-Tamra-p 


84 


F900 
R 900 


TFN-Y 


F464 : CTAATTATTCGGTAACTGACTTGA 
R538 : ACAGTTCAGCCATCACTTGGA 


.75.. 


F600 
" R900 




P491 : 6Fam-TCCAACGCAAAGCAATACATGAAC-Tamra-p 




(3-actin 


F976 : GGATGCAGAAGGAGATCACTG 

R1065 : CGATCCACACGGAGTACTTG 

P997 : 6Fam-CCCTGGCACCCAGCACAATG-Tamra-p 




F300 
R300 


Mouse IL-9 
(TaqMan 
probe) 


F9I : GGCATCAGAGACACCAATTACCT 
R233 : TGGCATTGGTCAGCTGTAACA 

PI 84 : 6Fam-CTCTCCGTCCCAACTGATGATTGTACCAC-Tamra-p 


143 


F300 
R300 


Mouse IL-9 
(hybridisation 
probes) 


F91 : GGCATCAGAGACACCAATTACCT 

R233 : TGGCATTGGTCAGCTGTAACA 

PI 63 : AACGTGACCAGCTGCTTGTGT-fluorescein 

PI 85 : LCred 640-TCTCCGTCCCAACTGATGATT-p 


143 


F300 
R900 



5 * F, R and P indicate forward and reverse primers and probes, respectively; numbers 
indicate the sequence position. 

** Final concentration of forward (F) and reverse (R) primers. 

*** Except for IL-5, all primers were chosen to span Intronic sequences so that genomic 
DNA amplification is not possible, excepted for p-actin for which a 1 12 bp longer band is 
10 obtained. If contaminating genomic DNA is detected using this size difference on agarose 
gel, a DNase digestion of ail of the RNA samples coming from the same experiment is 
performed. 
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TABLE 2. Oligonucleotides for standard preparation. 



mRNA targets 


Oligonucleotides (5>->3') * 


Product 
size \Oy) 


Conditions for 
Classical JrUJv 


IT .-Ira 


F43 : CTCCTCTTCCTG1TCCATTC 
R493 : CTTCGTCAGGCATATTGGT 




A = 56 Mg = 1-5 


TT 1 ft 


F59 : CTTCATTGCTCAAGTGTCTGAA 
R553 : ACTTGTTGCTCCATATCCTGTC 




A = 58 Mg =1.5 


IL-10 


F296 : TTTACCTGGAGGAGGTGATG 
R771 : TTGGGCTTCTTTCTAAATCGT 


476 


rx — JO iVig — l,j 


IL-13 


F23 : GCTCCTCAATCCTCTCCTGT 
R507 : GCAACTTCAATAGTCAGGTCCT 


485 


A = 56 Mg= 1.0 


TNF-oe 


F83 : ACCATGAGCACTGAAAGCAT 
R488 : AGATGAGGTACAGGCCCTCT 


406 


A = 58 Mg= 1.5 


IFN-Y 


F154 : TTGGGTTCTCTTGGCTGTTA 
R632 : AAATATTGCAGGCAGGACAA 


479 


A = 58 Mg= 1.5 


0-actin 


F745 : CCCTGGAGAAGAGCTACGA 
R1253 : TAAAGCCATGCCAATCTCAT 


509 


A = 58 Mg= 1.5 



5 



* F and R indicate forward and reverse primers, respectively; numbers indicate the 
sequence position. 

** Conditions, for ail targets, were as follows: denaturation at 95 °C for 20 s, annealing 
10 (temperature as stated (A)) for 20 s and elongation at 72°C for 45 s, for a total of 35 
cycIes^-MgCla^conGentration^Mgj-mM) was as stated. For4he-complete-procedure,--see 

(Stordeur et al., (1 995), PCR for IFN-y). 
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TABLE 3. Coefficients of variation (CV) (%). 
A 



CV for mouse IL-9 (n 


= 20) 




Plasmid dilution (numbers of copies') 




lxlO 7 


1 x!0 s 


1 x 10 3 


Intra-run assavs 




Hybridisation probes 


8.81 


7.41 


8.78 


Lightcycler 


TaqMan probe 


8.12 


7.05 


6.48 


GeneAmp 5700 


TaqMan probe 


6.95 


8.83 


11.49 


Inter-run assays 




Hybridisation probes 


21.95 


12.91 


30.61 1 


Lightcvcler 


TaqMan probe 


16.84 


14.64 


17.28 


GeneAmp5700 


TaqMan probe 


31.16 


20.32 


40.71 



B 





LPS-stimuIated 


Intra-run CV for 
human IL- 10 


PBMC* 






6.94 



* PBMC were stimulated for 6 h with 1 pg/ml LPS, and total RNA was extracted. Real time 
10 PGR for IL-10 was performed twenty times in one run, and the CV was calculated from 
absolute copy numbers. 



• #' 

— 

TABLE 4, Comparison of Oiaaen an d MaalMA Pure LC extraction methods 



4.1. Qiagen mRNA extraction method. Blood mRNA coming from 
the same blood sample was extracted 9 times. 

IFN-v mRNA copy 
numbers per 
million of B-actin mRNA 
copies 



result 1 


35 


result 2 


25 


result 3 


29 


result 4 


27 


result 5 


27 


result 6 


49 


result 7 


33 


result 8 


22 


result 9 


27 


mean 


30 


SD 


8 


CV 


26 



4i2, MagNA Pure LC (kit + Instrument) mRNA extraction method. Blood mRNA 

prepared from the same blood sample was extracted 9 times. 

IFN^y mRNA copy 
numbers per 
million of B-actin mRNA 
copies 



result 1 


192 


result 2 


170 


result 3 


153 


result 4 


139 


result 5 


138 


result 6 


160 


result 7 


105 


result 8 


142 


result 9 


142 



mean 

SD 

CV 



149 

24 

16 
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Claims 

1 . A method for the quantification of in vivo RNA from a biological sample comprising the 
steps of: 

5 (a)* collecting said biological sample in a tube comprising a compound inhibiting RNA 
degradation and/or gene induction, 

(b) forming a precipitate comprising nucleic acids, 

(c) separating said precipitate of step (b) from the supernatant, 

(d) dissolving said precipitate of step (c) using a buffer, forming a suspension, 

10 (e) isolating nucleic acids from said suspension of step (d) using an automated device, 

(f) dispersing/distributing a reagent mix for RT-PCR using an automated device, 

(g) dispersing/distributing the nucleic acids isolated in step (e) within the dispersed 
reagent mix of step (f) using an automated device, and, 

(h) determining the in vivo levels of transcripts using the nucleic acid/RT-PCR reagent 
15 mix of step (g) in an automated setup. 

2. A method according to claim 1, whereby steps (a) and (b) are performed 
simultaneously. 

20 3. A method according to claim 1 or 2, whereby said compound of step (a) comprises a 
quaternary amine surfactant. ~ 

4. A method according to claim 3, whereby said quaternary amine is tetradecyltrimethyl- 
ammonium oxalate. 

25 

5. A method according to claim 1 or 2, whereby said compound of step (a) is a compound 
inhibiting cellular RNA degradation and/or gene induction as found in a PAXgene™ 
Blood RNA Tube. 

30 6. A method according to any of the claims 1 to 5, whereby said tube of step (a) is an 
open or a closed blood collecting tube. 

7. A method according to any of the claims 1 to 6, whereby said buffer of step (d) is a 
guanidine-thiocyanate-containing buffer. 

35 
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8, A method according to claim 7, whereby said guanidine-thiocyanate-containing buffer 
is a lysis buffer as provided by the MagNA Pure LC mRNA Isolation Kit i (Roche 
Diagnostics, Molecular Biochemicals). 

5 9. A method according to any of the claims 1 to 8, whereby said isolation of nucleic acids 
of step (e) is performed using RNA-capturing beads. 

10. A method according to any of the claims 1 to 9, whereby said automated device of step 
(e), step (f) and/or step (g) is the MagNA Pure LC Instrument (Roche Diagnostics, 

10 Molecular Biochemicals). 

11. A method according to any of the claims 1 to 10, whereby said in vivo levels are 
determined using real time PCR. 

15 12. A method according to any of the claims 1 to 11, whereby said quantification is 
performed using a biological sample of 100 pi. 

13. A method for the quantification of in vivo RNA from a biological sample comprising the 
steps of: 

20 (a) collecting a biological sample in the PAXgene™ RNA Tube, 

(b) ^issociafirig"fHe surfactant/nucleic acid7iomple5rwith a guanidine isofhiocyanate buffer, 

(c) extracting mRNA and/or total RNA using an reproducible automated device, 

(d) dispersing/distributing a reagent mix for RT-PCR using an automated device, 

(e) dispersing/distributing the nucleic acids isolated in step (c) within the dispersed reagent 
25 mix of step (d) using an automated device, and, 

(f) quantifying RNA by real time PCR in an automated setup, whereby the RT and the 
PCR reaction are performed in one step. 

14. A kit for isolating quantifiable in vivo RNA from a biological sample comprising: 
30 (a) optionally, a collection tube for biological samples, 

(b) a compound inhibiting RNA degradation and/or gene induction, 

(c) reagents for automated RNA isolation, 

(d) a reagent mix for a simultaneous RT and real-time PCR reaction or separate 
compounds thereof , allowing the automated dispersion of said mix, 

35 (e) optionally, specific oligonucleotides to perform said RT-PCT reactions, and, 
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(f) optionally, an instruction manual describing a method for an automated RNA 
isolation, a method for the automated dispersion of a reagent mix and the 
dispersion of the isolated nucleic acids for RT- real time PCR, and a method for 
automated RNA analysis. 

5 

15. A kit according to claim 14, wherein said compound of part (b) is a compound as 
defined in any of the methods of claims 3 to 5. 

16. A kit according to claims 14 and 15, wherein additionally a buffer is provided as defined 
io in any of the methods of claims 7 to 8. 

17. A kit for isolating quantifiable in vivo RNA from a biological sample comprising: 

(a) a PAXgene™ Blood RNA Tube, 

(b) a guanidine isothiocyanate buffer, 

15 (c) reagents for automated RNA isolation, 

(d) a reagent mix for a simultaneous RT and real-time PCR reaction or separate 
compounds thereof , allowing the automated dispersion of said mix, 

(e) optionally, specific oligonucleotides to perform said RT-PCT reactions, and, 

* (f) optionally, an instruction manual describing a method for an automated RNA 
20 isolation, a method for the automated dispersion of a reagent mix and the 

gi sperslon oT the' isolated"nucleic acids foHRTHre^ and a method "for 

automated RNA analysis. 

18. A method for the quantification of DNA from a biological sample wherein a method is 
25 used as performed for the quantification of RNA according to the methods of any of 

claims 1 to 13 wherein the RT reaction is skipped and wherein the compound of step 
(a) also protects the DNA from being degraded. 

19. A kit for isolating quantifiable DNA from a biological sample according to any of the 
30 claims 14 to 17, wherein a reagent mix/compounds for performing said RT reaction is 

absent. 

20. Use of a method according to any of the claims 1 to 1 3 or claim 1 8 or a kit according to 
any of the claims 14 to 17 or claim 19 for the monitoring/detection of changes of in vivo 

35 nucleic acids levels in a biological agent present in a biological sample. 
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21 . Use of a method or a kit according to claim 20 whereby said biological agent is chosen 
from a group consisting of eukaryotic cells, prokaryotic cells, viruses and phages. 

5 22. Use of a method according to any of the claims 1 to 13 or claim 1 8 or a kit according to 
any of the claims 14 to 17 or claim 19 for the monitoring/detection of changes of in vivo 
nucleic acids of a biological agent in a biological sample, in order to diagnose a certain 
disease. 



icjj^HLdmgJcLaay^iibe^ 



any of the claims 14 to 17 or claim 19 for the monitoring/detection of changes of in vivo 
nucleic acids of a biological agent in a biological sample, in order to screen for a 
compound for the production of a medicament for curing a disease. 

15 24. A compound identifiable by a method according to claim 23. 

25. Use of a method or a kit according to claim 22 and/or 23, wherein said disease is an 
immuno-related disease. 

20 26. Use of a method or a kit according to claim 23, for the detection/monitoring/screening 
of a compound, wherein said "compound is an immunbmod1ulatory - cbrh^und which 
may be chosen from a group consisting of eukaryotic cells, prokaryotic cells, viruses, 
phages, parasites, drugs (natural extracts, organic molecule, peptide, proteins, nucleic 
acids), medical treatment, vaccine and transplants. 



25 



27. Use of a method according to any of the claims 1 to 13 or claim 18 or a kit according to 
any of the claims 14 to 17 or claim 19, for the detection/monitoring of epitope specific 
CTLs or immuno-related transcripts. 

30 28. A method to identify an agent capable of modifying the immunological status of a 
subject via the analysis of epitope specific CTLs comprising the steps of : 

(a) applying an immunomodulatory agent(s) into a subject, 

(b) sampling whole blood from said subject, 

(c) optionally, pulsing blood cells present in the whole blood sample of step (b) with an 
3S identical/ similar and/or different immunomodulatory agent as applied in step (a), 
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(d) collecting pulsed blood cells of step (c) or non-pulsed blood cells of step (b) in a tube 
comprising a compound inhibiting RNA degradation and/or gene induction, or adding 
said compound to the pulsed/ non-pulsed cells, 

(e) forming a precipitate comprising nucleic acids, 

5 (f) separating said precipitate of step (e) from the supernatant, 

(g) dissolving said precipitate of step (f) using a buffer, forming a suspension, 

(h) isolating nucleic acids from said suspension of step (g) using an automated device, 

(i) dispersing/distributing a reagent mix for RT-PCR using an automated device, 

(j) dispersing/distributing the nucleic acids isolated in step (h) within the dispersed 
10 reagent mix of step (i) using an automated device, 

(k) detecting/ monitoring/ analyzing the in vivo levels of epitope specific CTLs-related 

transcripts in the dispersed solution of step (j) in an automated setup, and, 
(I) identify agents able to modify the immunological status of said subject, 
whereby, in case the agent of step (a) is already present in the subject, step (a) is omitted. 

15 

29. A method to identify an agent capable of modifying the immunological status of a 
subject: 

(a) applying an immunomodulatory agent(s) into a subject, 

(b) sampling whole blood from said subject, 

20 (c) optionally, pulsing blood cells present in the whole blood sample of step (b) with an 
identical? similarVnd/or different immunomodulatory agent as applied in step (a), 
(d) collecting pulsed blood cells of step (c) or non-pulsed blood cells of step (b) in a tube 
comprising a compound inhibiting RNA degradation and/or gene induction, or adding 
said compound to the pulsed/non-pulsed cells, 

25 (e) forming a precipitate comprising nucleic acids, 

(f) separating said precipitate of step (e) from the supernatant, 

(g) dissolving said precipitate of step (f) using a buffer, forming a suspension, 

(h) isolating nucleic acids from said suspension of step (g) using an automated device, 

(i) dispersing/distributing a reagent mix for RT-PCR using an automated device, 

30 G) dispersing/distributing the nucleic acids isolated in step (h) within the dispersed 
reagent mix of step (i) using an automated device, 
(k) detecting/ monitoring/ analyzing the in vivo levels of immuno-related transcripts in the 

dispersed solution of step (j) in an automated setup, and, 

* 

(m) identify agents able to modify the immunological status of said subject, 
35 whereby, in case the agent of step (a) is already present in the subject, step (a) is omitted. 
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30. A method for the diagnosis/ prognosis/ monitoring of a clinical status affecting the 
immune system in a subject comprising the steps of : 

(a) sampling whole blood from said subject in a tube comprising a compound inhibiting 
5 RNA degradation and/or gene induction, or adding said compound to the blood cells, 

(b) forming a precipitate comprising nucleic acids, 

(c) separating said precipitate of step (b) from the supernatant, 

(d) dissolving said precipitate of step (c) using a buffer, forming a suspension, 

(e) isolating nucleic acids from said suspension of step (d) using an automated device, 

JO (f) dispersing/distributing a reag ent mi x for RT-PHR using an ai it^mated device, 

(g) dispersing/distributing the nucleic acids isolated in step (e) within the dispersed 
reagent mix of step (f) using an automated device, 

(h) detecting/ monitoring/ analyzing the in vivo levels of immuno-related transcripts in the 
dispersed solution of step (g) in an automated setup, and, 

15 (i) detecting/ monitoring the change in in vivo levels of immuno-related transcripts, and, 
(j) diagnosing/ prognosing/ monitoring the disease affecting the immune system. 

31 . A method for the diagnosis/ prognosis/ monitoring of a clinical status affecting the 
immune system in a subject comprising the steps of : 

20 (a) sampling whole blood from said subject, 

(b) pulsing "blood cells present in thelwhoie BTooa^sampTe"of step (a) with an identical/ 
similar and/or different immunomodulatory agent as present in the subject, 

(c) collecting pulsed blood cells of step (b) in a tube comprising a compound inhibiting 
RNA degradation and/or gene induction, or adding said compound to the pulsed cells, 

25 (d) forming a precipitate comprising nucleic acids, 

(e) separating said precipitate of step (d) from the supernatant, 

(f) dissolving said precipitate of step (e) using a buffer, forming a suspension, 

(g) isolating nucleic acids from said suspension of step (f) using an automated device, 

(h) dispersing/distributing a reagent mix for RT-PCR using an automated device, 



30 (i) dispersing/distributing the nucleic acids isolated in step (g) within the dispersed 
reagent mix of step (h) using an automated device, 
0") detecting/ monitoring/ analyzing the in vivo levels of immuno-related transcripts in the 

dispersed solution of step (i) in an automated setup, 
(k) detecting/ monitoring the change in in vivo levels of immuno-related transcripts, and, 
35 (I) diagnosing/ prognosing/ monitoring the disease affecting the immune system. 
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Abstract 



The invention in particular relates to a method for the quantification of in vivo RNA from a 
5 biological sample comprising the steps of: collecting said biological sample in a tube 
comprising a compound inhibiting RNA degradation and/or gene induction; forming a 
precipitate comprising nucleic acids; separating said precipitate from the supernatant; 
dissolving said precipitate using a buffer, forming a suspension; isolating nucleic acids 
from said suspension using an automated device; dispersing/distributing a reagent mix for 
10 RT-PCR using an automated device; dispersing/distributing the isolated nucleic acids 
within the dispersed reagent mix using an automated device, and, determining the in vivo 
levels of transcripts using the nucleic acid/RT-PCR reagent mix in an automated setup.The 
present invention also relates to the quantification of DNA from a biological sample. The 
present invention further elucidates a kit for isolating quantifiable nucleic acids from a 
15 biological sample. Applications of the method according to present invention are also 
disclosed. 
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Figure 3: 



Blood sampling in PAXgene Tube = 2.5 ml blood + 6.9 ml stabilising reagent, from which the inventors took 
' 1) 4.7 ml (thus containing 1.25 ml of blood) for Qiagen extraction 

2) 0.4 ml (thus containing 0.1 1 ml of blood) for MagNA Pure extraction 



After centrifiigation. the nucleic acid pellet was : 




1) PAXgene + Qiagen kit 

. . .washed in water and dissolved 
in buffer BR1 from the PAXgene 
blood RNA Kit (Qiagen). Extraction 
of total RNA was performed as 
described in the PAXgene blood 
RNA Kit Handbook 

i 

total RNA concentration measured 
by optical density 500 ng (a nd thm ; 
different volumes depending on the " 
concentration) used for reverse 
transcription. This latter and real 
time PCR were performed as 
described 

(Stordeur et al, J Immunol Methods 
259 (1-2): 55-64, 2002) 

Results : see Table 4.1 I 



2) PAXgene + MagNA Pare 

... dissolved in the lysis buffer 
contained in the MagNA Pure 
mRNA isolation kit. Extraction 
was performed on the MagNA Pure 
instrument as recommended by 
Roche 

4 

no need to measure mRNA 
concentration. 5 jii were used for 
reverse" "tfahscrip^nand real time 
PCR performed in one step, using the 
LC RNA Master hybridisation kit 
(Roche). Real time PCR conditions 
as described 

(Stordeur et al, J Immunol Methods, 
259 (1-2): 55-64, 2002) 

Results : see Table 4.2 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

1^ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

1^1 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



